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How your telephone call 
asks directions... 
and gets quick answers 


Perforated steel cards, which give directions to the Long Distance dial 
telephone system, are easy to keep up to date. New information is 
clipped (1) and punched (2) by hand on a cardboard template. This 
guides the punch-press that perforates a steel card (3), and the two 
are checked (4). The new card is put into service in the card translator (5). 


When the Bell System’s latest dial equipment receives orders to con- 
nect your telephone with another in a distant city. it must find—quickly 
and automatically—the best route. 

Route information is supplied in code—as holes punched on steel 
cards. When a call comes in, the dial system selects the appropriate card, 
then reads it by means of light beams and phototransistors. Should 
the preferred route be in use the system looks up an alternate route. 


It is a simple matter to keep thousands of cards up to date when 
new switching points are added or routing patterns are changed to 
improve service. New cards are quickly and easily punched with the 
latest information to replace out-of-date cards. 

This efficient. flexible way of keeping your dial system up to the 
minute was devised by switching engineers of Bell Telephone Labora- 
tories, who are continually searching for ways to improve service 
and to lower costs. Right now most of the Long Distance dialing is 
done by operators, but research is hastening the day when you will 
be able to dial directly to other telephones all over the nation. 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers for creative men in scientific and technical fields 
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(From the month’s news releases; publication here does not constitute endorsement. 


nding and Binding Kit Wire Stripper 

es and moisture-resistant coatings based on Fabricated of hardened steel, a new hand wire strip 
vinyl resins, solvent, water colors, ruler, com per has interchangeable matched blades for stripping 
shes, hinge stick, rounding block, book papers insulation without damaging the wire. After the wire 
r materials, together with a detailed instruction — has been stripped, the jaws of the stripper can be re 
e provided in a new kit designed to facilitate leased by a single finger-tip touch on the lower handl 
nding and book binding. The method described Phe jaws are then locked open automatically and are 
er than conventional methods because no sewing — ready for the insertion of the next wire. The stripper is 


red. (Hewitt Products, Dept. SM, Liberty, N.Y. available in three models. Replacement blades, which 
can be installed after removal of two screws, are also 
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Hand Snow Plow available. (Crown Industrial Products Co., Dept. SM, 
ccs 935 Amsterdam St., Woodstock, Il 
Work. | \ new all-steel snow plow has a 12- by 30-in. blade 
| 
_ hat can be adjusted to push snow to the left, right, or ‘ co : 
is } ; Insulation Test Set 
straight ahead by means of springs controlled by wing 
Ohio sig ; \ lel H | lat Ot 
| nuts. Lhe plow rolls on 6-in. rubber tires. Leisure In- new Mode ypot insulation test set rated a to 
=— dustries, Dept. 506-SM, 96-09 Metropolitan Ave., Forest X00 v a-c has continuously variable output voltage, a 


Hills 75. N.Y. current-limiting high reactance transformer, neon 
lamps to indicate corona discharge in the test circuit 
Rust Converter and excessive current, and a kilovoltmeter accurate to 
; ee } percent connected across the output. Associated 
FerRoSeal, a product developed by the Walterisation ; | ame i 
; Research, Inc., Dept. SM, 3758 W. Belmont Ave 
Co., Ltd., Croyden, England, is a liquid that chemi Chi 8. Il 
‘ ° ‘ : wcago 16, : 
cally converts rust into a protective iron phosphate 
coating, which is said to be a better paint base than Coll Winder 
clean steel. In addition, the product works in harmony 
Poroid coils having a finished inside diameter of 


with other coatings such as coal-tar products, zine-base 
in. can be wound with a new MidJet toroid winder. The 


ublished materials, and neoprene. (Municipal Steel Corp.. 

yublishe ° . , > i) 7 . oy > 1 LI70E Y +() { 
nsider Chemical Div., Dept. SM, 1225 Broadway, New winder is 2 In. long. Wire in sizes from No. to 44 
larly and York | Call be wound on close d magnetic cores ot wound tape ~ 
ar stacked ring punchings, or molded powder. Winding 


speeds range from 400 to 600 turns “min, and the turns 


Map Holder-Sun Visor 
are laid radially under adjustable tension. Polished 


Phe Map-Visor is a combination sun visor and road 
guides prevent abrasion of insulation. Manual rotary 


p holder designed to replace standard sun visors in 
. .; core feed permits clockwise or counterclockwise pro; 

ittomobiles. ‘The unit can be mounted over either the ne 
ress of the winding; both laver winding and bank wind 


eft- or right-hand seat and can be detached easily fon 
Ing are possible. \ 


; register-type counter records the 
anging Maps or for close scrutiny. The part ular area 

wire loaded on the shuttle and counts the turns. ( Ele 
tro Devices Co., Inc. Dept. SM, 463 Commerci 


Boston, Mass 


desired can be selected by turning the rollers that hold 
the map at the top and bottom of the visor. Sliding 
ers on the rollers make it possible to mark the 
- pr ints of the route being traveled. ‘Two models, on Siphon and Hand Pump 
with ilumination and the other without, are available. ; 
kford Engineered Products Co., Dept. SM, 2324 \ new siphon 5 ft long has a bulb-shaped hand pump 


\ve., Rox kford, Ill. 


in the middle that permits starting the siphon without 
spilling. “The bulb and tubing are made of synthetic 
rubber and the check valves of plastic General Scien 
titi Equipment Co., Dept SM, 2700 W. Huntingdon 
St., Philadelphia 32, Pa 


Laboratory Tool Kit 


Screwdrivers, Allen wrenches, pliers, brace, bits, anc 
many other frequently used tools are included in am 
tool kit that enables laboratory workers to make min 
repalrs on instruments and. other equipment Lhe 
is packed in a folding vinyl cas Standard Scienti 
Supply Corp., Dept. SM, New York 12 














Dr. David Turnbull, B.S. Monmouth College 
(1936), Ph. D. Phys. Chem., University of 
Illinois (1939), joined the General Electric 
Research L ry in 1946 after teaching 
chemistry for a number of years at Case 
Institute of Technology. He heads the 
Chemical Metallurgy Section. The fields to 
which he has contributed include thermo- 
dynamics, kinetics of phase transformations, 


and kinetics of solid state processes. 


Flow atoms behave in alloys 


Dr. David Turnbull of the General Electric Research Laboratory 
demonstrates importance of crystal defects in structure changes 


New understanding of the mechanisms responsible 
for the formation of alloy structures has been 
achieved by Dr. David Turnbull and his colleagues in 
General Electric’s Chemical Metallurgy Section. 

They discovered that crystal imperfections and 
foreign particles play a decisive role in controlling 
structure development. For example, precipitation 
in age-hardening alloys often takes place millions of 
times faster than can be explained by known rates 
of diffusion in single crystals. Dr. Turnbull showed 
that this rapid precipitation is due to the “short 


circuiting” of diffusion by certain erystal de 
Because microstructure determines some 
most important qualities of alloys, including str 
and certain magnetic properties, this new know 
will be valuable in the development of stronger, 
versatile materials for tomorrow’s technology. 
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curator in the pale 


of Natural History in Stockhol 


Universit) 


the English-Noru eg 


Tih 1s article is ba 


INCE the days of Darwin the question of the 
origin of the tetrapods has attracted great at- 
tention among anatomists, embryologists, 
paleontologists, and other students interested in evo- 
tionary biology; but even though it has long been 
known that the tetrapods are descendants of fishes, 
it has been difficult to establish from which group or 
ips of fishes they derive their origin. Three 
ips have played a predominant role in the dis- 
ssion: (1) the lungfishes (Dipnot 
sils since the Devonian and today represented by 
Neoceratodus) and others; 
including only 


known. as 


Australian lunefish 
the bichirs ( Brachiopterygii 
two living genera Polypterus and Calamoich- 
>and (i) the lobefins (Crossopterygii; includ- 
rhipidistids and coelacanthids 
larly during the Devonian but thought to be 
net since the Cretaceous until, in 1938, a living 
the sea 


, abundant par- 


acanthid (Latimeria) was caught in 
East London on the southeast coast of the Un- 


of South Africa. 
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of Stockhelm. His 
ularly the crossopter) 
Devonian fossil collecting 
the leadership of Lauge Koch bet 
tan-Swedisl 


lans, and 


aduring , 


> @ne 
2 and 1954 he 


on 


Earlier the interest was concentrated on the liv 


ing lungfishes and brachiopterygians, but the efforts 
made to prove a close relationship between eithe? 
ol the se groups and tne te trapods vave no convinc- 


ing results. Progress in vertebrate paleontology 


slowly brought the fossil fishes into the foreground, 


and during the last few decades most students have 
claimed that the immediate forerunners of the tet- 


rapods are to be found among the « rossopterygians 
and dipnoans of the Devonian period 


Some investigators (/—6) are of the opinion that 


all tetrapods have a common origin among the 


rhipidistid crossopterygians, whereas others main- 


tain that the letrapoda art diphyleti and that the 


urodeles (salamanders) are most closely akin to 


( 


. or descendants of (8). early dipnoans and that 


the STE PQo¢ ephalians, the anurans frogs and toads 


all Amniota 


nate from rhipidistids. 


and reptiles, birds, mammals) origi- 


The dipnoans, which earlier were classified s« pa- 


rately, are now g& nerally init d with the CrOssop- 





terygians in a main group of teleostome fishes, the 
Choanichthyes, distinguished by the presence of a 
true internal nostril or choana. It has been argued 


9 
‘w) 


that the Choanichthyes differ widely from 
the 


teleosts, 


the 
Actinopterygii 


other main group of teleostome fishes, 


paleoniscids, sturgeons, 
and so forth). The latter group is now generally 
made to include the brachiopterygians, which were 
once thought to be crossopterygians. Most writers 
assume that both the dipnoans and the coelacan- 
thids are specialized derivatives of the rhipidistids, 
but it has also been suggested (/) that the dipnoans 
are more closely related to the armored sharks or 
placoderms, and one writer (9) classifies the dip- 
noans among the Amphibia and maintains that all 
tetrapods are descendants of the chimaeroids (holo- 
cephalians 

The thorough studies (/0—-/5 


last two decades of the Devonian crossopterygians 


made during the 


and dipnoans and of the oldest tetrapods, the Ich- 


thyostegalia, have not wholly confirmed any of 


these various opinions, but have shed new 
the ancestry of the tetrapods and the inte1 
ships of the principal groups of fishes 

Crossopterygil, Brachiopterygii and Actino] 
Fig, 


Methods of investigation. In the studies 


generally included in the Teleostomi 


fossil material described in this article, the e! 
technique that was introduced by E. Stensii 
classical monograph on 
Spitsbergen (/6 


includes serial sectioning by grinding and tl 


the cephalaspid 


has been used. This te: 


struction of large-scale wax models from thi 
drawings; various special methods for freei: 
skeletal parts of the fossils from the rock 
they can be studied just as minutely as recent 
brates; the examination of the fossils unde: 
powered binoculars in strong illumination an 
the use of xylene, oil of aniseed or other ref: 
fluids; photographing, often in fluids, and « 
retouching of structural details: and so forth. 
The the Siluriar 


ancient vertebrates of 
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have a quality in common of great im- 
| : 4 


for the paleozoologist: their skeleton is 

well ossified and on the whole more com- 

n in later vertebrates where it often may 

sented by tissues devoid of lime impregna- 

s of course has strongly favored the preser- 

{ the early vertebrates. Besides—a matter 

ly overlooked by students familiar only 

iterial of recent vertebrates—the high de- 

ossification in the early vertebrates means 

cavities (for the brain, the ear, and other 

are comparatively narrow, reflecting fairly 

external shape of the organs they housed, 

at the spaces occupied by muscles, glands 

her soft structures are more clearly defined 

n advanced forms. The bone tissue also en- 

s long canals, displaying well the course and 

of branching of the nerves and vessels. In 

addition, the faces of the bones frequently exhibit 

listinct grooves and other markings of anatomical 

interest. When applying the modern paleozoologi- 

al technique it is therefore often possible to obtain 

an intimate and safe knowledge of the skeleton 

with its cavities, passages for nerves and _ vessels, 
muscular attachments, and other features. 

Considering the wealth of structural detail that 

can be made out from the skeleton in fossil forms 

by the aid of modern methods the paleozoologist 

must be thoroughly initiated in the anatomy and 

embryology of recent vertebrates. Because of the 

fact that the anatomy and embryology of the recent 

vertebrates are still imperfectly known, the inter- 

pretation of the fossil structures necessarily must be 

a laborious and trying task. This is the more so 

since in most cases the paleozoologist must collect 

relevant data from a great many descriptions, often 

conflicting, and mostly incomplete, above all with 

regard to the topographic relations between the 

soft structures and the skeleton. Frequently the 

paleozoologist must even make his own dissections 

of recent material. 

lhe much wider knowledge of the 

anatomy of the early vertebrates gained during the 

last few decades has naturally rendered it possible 

much better than before both to determine the in- 

terrelationships of the various groups and to form 

an opinion of the phyletic evolution of the verte- 

brates in general. Thus, for instance, Stensid (/6) 


internal 


was able to prove definitely by his anatomical inves- 
tigations of the cephalaspids that the armored and 
dorso-ventrally depressed ostracoderms, the geo- 
ovically oldest vertebrates known so far, are pri- 
marily jawless (agnathous) vertebrates related to 
recent eel like cyclostomes (lampreys and hag- 
s), which are devoid of armor and even of 
‘ tissue. Moreover, Stensi6 could establish that, 


] 
| 
i 
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Fig. 2. Two rhipidistid crossopterygians from the lower- 
most Upper Devonian, Scaumenac Bay, Canada. Above, 
an osteolepiform, Eusthenopteron foordt, length about 53 
cm. [Specimen in the paleozoological department of the 
Swedish Museum of Natural History, Stockholm]. Below 
a porolepiform, Holoptychius quebecensis, length about 46 
cm. [Specimen belongs to the Dartmouth College Mu- 
seum, Hanover N.H. 





with regard to anatomy, the cephalaspids agree 
fundamentally with the lampreys, especially with 
their larvae (ammocoetes), whereas the hagfishes 
are different in many respects and doubtless belong 
to another lineage. During the phyletic develop- 
ment of the lampreys from cephalaspidlike ances- 
tors the internal anatomy has on the whole re- 
mained much more unchanged than the external 
appearance of the animals. The changes in the 
latter respect are partly the result of the regressive 
development of the skeleton, which caused first a 
disintegration and then a total loss of the bony 
skeleton. 

What has just been said suffices to illustrate the 
impossibility of making out the true interrelation- 
ships among different groups of vertebrates solely 
on the basis of superficial external resemblances or 
general specialized characters. For this purpose 
profound anatomical investigations are always in- 
dispensable. 

The origin of the tetrapods. The studies of the 
origin of the tetrapods carried out in Stockholm 

10, 12-15 


spects unique collection of Devonian crossoptery- 


are based on a large and in many re- 


gians and dipnoans and the only existing material 
of the oldest tetrapods, the ichthyostegalians, from 
the Upper Devonian of East Greenland. 

Even when they first appeared in the Lower and 
Middle Devonian, the crossopterygian fishes (Fig 
2) were represented by three distinct groups: the 
Porolepiformes, the Osteolepiformes and the Coe- 


lacanthiformes (10 [hese have several 
characteristics In common, such as, for instance, a 
and 


ethmosphenoid and _ otico-oc- 


groups 


subdivision of the braincase into anterior 
posterior divisions 
cipital, Fig. 3) and a corresponding transverse sub- 


division of the dermal cranial reof into an anterior 
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frontoethmoidal shield and a posterior parietal 
shield (Fig. 4). 

The three groups of crossopterygians, the poro- 
lepiforms, the osteolepiforms and the coelacanthi- 
forms, differ from each other particularly in the 
internal anatomy but also to some extent in the de- 
velopment of the dermal bones, the sensory canal 
system, and other external features (10, 11, 13, 17). 
In the anterior part of the head, which is the only 
region of the head so far known in detail in each of 
the three groups the differences are in fact so great 
(Figs. 5,6) that if only this region had been known, 
they would hardly have been placed in a common 
systematic unit. 

In fishes in general the nasal sac has two princi- 
pal external openings, the anterior (incurrent) and 
the posterior (excurrent) external nostrils. In the 
crossopterygians the posterior external nostril was 
connected with the nasal sac by a posterior nasal 
tube (Fig. 5). This tube is homologous with the 
nasolachrymal duct in tetrapods. It is of special 
interest, then, that the nasal sac in the osteolepi- 
forms and porolepiforms had a third major open- 
ing, an internal nasal opening or choana, homolo- 
gous to that in tetrapods. The choanal tube 


Fig. 3. The lateral aspects of the braincase and (in C 
only) the palatoquadrate of, A, an osteolepiform crossop- 
terygian (Eusthenopteron foordi), B, a coelacanthiform 
crossopterygian (Nesides schmidti), and C, a dipnoan 
(Chirodipterus wildungensis )—all early Upper Devonian 
in age. Eth, anterior ossification (ethmosphenoid) of 
braincase; Ot.-oc, posterior ossification (otico-occipital ) 
of braincase; Pq, palatoquadrate; I7, opening for nervus 
opticus. [A, B, after grinding series and wax models in the 
paleozoological department of the Swedish Museum of 
Natural History, Stockholm; from Jarvik 1954 (13). C, 
from Save-Séderbergh 1952 (15)] 
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connecting this opening with the nasal sa 
through a well defined fenestra endoc! 
(Fig. 5) in the floor of the nasal cavity and 
sponding fenestra exochoanalis bounded 
dermal bones of the palate. In the fossil cx 
thiforms, on the other hand, there is no oper 
the choanal tube, either in the endoskeletal \ 
the nasal cavity or in the exoskeleton, and, a 
be definitively established, for example 
serial grinding method, the choana was ab 
the early coelacanthiforms just as in the 
Latimeria. Since there is nothing to indicat 
the choana was lost its absence must be re; 
as primary. 

As may be seen from what has now been said 
three groups of crossopterygians have becom 
cialized in quite different directions. Since th: 
merous structural features characteristic of e: 
the three groups were fully developed in their o! 


members, it is quite obvious that these specializations 
must have arisen very early in the phylogeny of th 
crossopterygians and certainly before the Devoniai 


The current view that the coelacanthiforms 
descendants of osteolepiforms (or porolepiforms 
cannot possibly be true and we cannot expect t 
find any true intermediates (‘“‘protocoelacanthids” 
between the osteolepiforms and the coelacanthi- 
forms high up in the Devonian. In fact, hard) 
single one of the many structural features chara 
teristic of the coelacanthiforms has been found 
either the porolepiforms or the osteolepiforms. At 
present we can therefore only say that the thre 
groups probably evolved from some common pre- 
Devonian ancestor (Fig. 1). 

The incurrent and the excurrent external nos- 
trils in fishes are generally situated in the lateral 
wall of the snout as are the corresponding openings 
(the external nostril and the opening of the naso 
lachrymal duct) in tetrapods. However, in dip- 
noans and in most sharks (and certain placoderms 
the two nasal openings are situated in the ventral 
wall of the snout. In recent dipnoans (Fig. 7) th 
excurrent nostril even lies within the cavity of th 
mouth, a condition which has given rise to the as- 
sumption that this nostril represents a true choana 
The anatomy and embryologic development of the 
snout in dipnoans reveals, however, that the tw 
nostrils in dipnoans must correspond to the incur- 
rent and excurrent nostrils of fishes in general and 
that their unusual position results frorn a second 
migration downwards and inwards. This migrati 
which has proceeded a little farther than in 
most advanced sharks, has of course brought ab 
marked reductions and other changes in the n 
gin of the upper jaw (/0). The premaxillary 
maxillary bones which in teleostome fishes and t' 


THE SCIENTIFIC MONTH!’ 





Iving 
ate that 
m4 irded 


aid the 


Sal h 0 
r oldest 


ronian 
Ns art 
forms 
ect t 
hids” 
anthi- 
rdly 

Narac- 
ind in 
os. At 
thre: 
1 pre- 


nos- 
iteral 
nings 
Nn aso- 
dip- 
rms 
ntral 
) the 
f the 
C as- 
ana. 
r the 


I } 


A, C, D, dorsal views of the skull of three Devonian osteolepiforms showing the variations in the relative length 


of the frontal (hatched) and parietal (stippled) and in the position of the pineal foramen within the Osteolepiformes. 
1, Osteolepis macrolepidotus; Middle Devonian, Scotland. C, Eusthenopteron foordi; lowermost Upper Devonian, 
Scaumenac Bay, Canada. D, Eusthenodon wangsjoi; upper Upper Devonian, East Greenland. B, Elpistostege watsont; 
sketch of fragmentary skull roof of osteolepiform crossopterygian from the same locality (Scaumenac Bay) as Eusthenop- 
teron foordi. Ventral aspect. E, F, dorsal views of the skull of two early tetrapods (ichthyostegalians) ; upper Upper 
Devonian, East Greenland. EF, Ichthyostega sp.; F, Acanthostega gunnari. com, supratemporal commissural sensory 
anal; Ext, extrascapular series of bones; fe.exa, opening in exoskeleton for anterior (incurrent) external nostril; 
R.l, lateral rostral; 7, tabular; 7 ¢.a, anterior 


fpin, pineal foramen; Fr, frontal; Pa, parietal: Pp, “postparietal” : 
and 1944, respectively: D, EF, F, from Jarvik 1952 (12) ; B, after Westoll 1938] 


[A, C, from Jarvik, 1948 (11 


Fig. 8) form an important part of the 
upper jaw are lacking, but whether this is the re- 
sult of reduction or whether the absence is primary 
cannot be decided with any certainty. The infra- 
orbital sensory canal (Fig. 7), which usually runs 
forward to the tip of the snout dorsally to these 
bones, has become reduced, so that together with 
its nerve, the ramus buccalis, it ends freely in the 
upper lip outside the region of the posterior nostril. 
On the other hand, the ramus maxillaris trigemini, 
which generally accompanies the ramus _ buccalis 
and passes outside the true choana, has been pushed 
ially and runs forward in the roof of the mouth 

ty inside the presumed choana. 
hat the presumed choana in the recent dip- 
is represents the posterior external nostril of 
in general and that it has migrated second- 


rapods 


arily into the mouth cavity is further borne out by 
the conditions in the Devonian forms, where it was 
still situated outside the mouth cavity (Fig. 7, C). 
As has been pointed out, the Dipnoi and the 
Crossopterygii are by most modern students classi- 
fied in a common systematic unit, the Choanich- 
thyes. Besides, it is generally assumed that the dip- 
noans are derived from primitive rhipidistids 
porolepiforms and osteolepiforms) . However, since 
the choana is primarily absent in both the dipnoans 
and the coelacanthiforms the name Choanichthyes 
is clearly misleading and must be rejected. Like the 
coelacanthiforms, the dipnoans cannot possibly be 
descendants of any rhipidistids. It is even doubtful 
that the dipnoans are closely related to the crossop- 
tervgians at all. Even in the geologically oldest dip- 
noans the braincase is fused with the palatoquad- 
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rate and it does not show any signs whatever of the Fig. 9), and so forth. The resemblances 
subdivisions characteristic of the crossopterygians arguments in order to prove a close relation 
Fig. 3). In addition, there are numerous impor- tween dipnoans and crossopterygians are eit 
tant differences between dipnoans and crossopte- result of misinterpretations of the acutal fa 
rygians in the snout, in the cranial anatomy, in the example, the supposed choana), or they 1 
pattern of the dermal bones, in the structure of the characteristics shared also by other groups o 
lower jaw and the palate, in the development of — brates, such as general resemblances in th 
the vertebral column and the ribs (see below and form and the presence of two dorsal fins (fo 





Fig. 5. The anterior part of the head in posterior (left), dorsal (center) and ventral (right) aspects in early cro 
terygians, showing the differences among A-—C, the Porolepiformes (Porole pis; Lower Devonian), D—F, the Osteo 
formes (Eusthenopteron; lowermost Upper Devonian) and, G—I, the Coelacanthiformes (Euporosteus; lowermost 
per Devonian or upper Middle Devonian). Most of the dermal bones omitted. In B, E, and H the right nasal sac 
certain nerves and vessels have been restored. an, anterior (incurrent) external nostril; c.in, cavum internasale, for 
termaxillary gland; c.pnt, canal for posterior nasal tube; c.pr, canal for nervus profundus; fe.ench, opening in e 
skeleton for choana (fenestra endochoanalis) ; fe.exch, opening in exoskeleton for choana (fenestra exochoanalis) ; f 
fossa apicalis, for intermaxillary gland; n.pr, nervus profundus; n.sac, nasal sac (olfactory organ) ; P, parasphen 
pn, posterior (excurrent) external nostril; pnt, posterior external nasal tube (nasolachrymal duct) ; r.mx, ramus 1 
illaris of nervus trigemini; Vo, vomer or (in J) area marking its position. [From Jarvik 1942 (10)] 
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Fig. 6. The anterior part of the snout in posterior views to show the similarities (left) between the Porolepiformes and 
the Urodela and (right) between the Osteolepiformes and the Anura A, the Porolepiform Porolepis; Lower Devonian; 
C, the Osteolepiform Eusthenopteron; lowermost Upper Devonian; B,D, diagrams of a primitive urodele and a primi- 
tive anuran. c.in, cavum internasale, for intermaxillary gland; cr, rostro-caudal crest in postero-lateral part of nasal 
avity; cr.im, crista intermedia of anterior wall of nasal cavity; fe.ena, opening in endoskeleton for anterior (incur- 
rent) external nostril; fe.ench, fenestra endochoanalis, for choana; f.ntp, opening for posterior nasal tube (naso-lachry- 
mal duct) ; gr.ntp, groove for posterior nasal tube (naso-lachrymal duct) /a.i, lamina inferior of crista intermedia; /a.s, 
lamina superior of crista intermedia; Nd, nariodal (endoskeletal ossification earlier confused with the septomaxillary, 
which is a dermal bone) ; pr.dim, processus dermintermedius of lateral rostral (corresponding to the septomaxillary) ; 
pr.S, Seydel’s palatal process; ri.in, internasal ridge or cartilage; R. /, lateral rostral; Smx, sepotmaxillary, dermal 
bone, corresponding mainly to the processus dermintermedius of the lateral rostral; sn, nasal septum; Vo, vomer. 


From Jarvik 1942 (10)] 


ostracoderms, placoderms and elasmobranchs), the scales in Polypterus were found to conform most 
presence of lobefins (found, for instance in brachi- closely with the actinopterygian type and mainly 
opterygians and certain actinopterygians) and simi- for this reason Goodrich (1928) claimed that 
larities in the histologic structure of the scales and Polypterus is not at all a crossopterygian but an 
dermal bones (shared by the ostracoderms). As  actinopterygian and a descendant of the paleonis- 
may thus be seen the assumption that the dipnoans _ cids. 
are akin to the crossopterygians is not sufficiently Since this opinion has been generally accepted it 
founded. In fact, the dipnoans agree just as much is surprising that in the structure of its head, 
with other groups of vertebrates (placoderms, elas- Polypterus differs considerably from the paleonis- 
mobranchs, recent amphibians) as with the crossop- _cids and other actinopterygians in several respects, 
terygians, but in no case has a close agreement been whereas in many structural details it agrees well 
established. Under these circumstances the systema- with the crossopterygians, particularly with the 
tic position of the dipnoans cannot be settled and coelacanthiforms (/0, 13, 17). As revealed by 
the only thing to do for the present is to classify paleohistologic investigations now in progress in 
them as a group of their own (Fig. 1). Stockholm, the differences between the crossopte- 
\ paper which more than others has contributed — rygian and the actinopterygian types of scales are 
bringing the dipnoans and the crossopterygians by no means as fundamental as assumed by Good- 
ether and which has also had a major influence — rich. Moreover, the dermal bones in Polypterus and 
the classification of fishes in other respects is the coelacanthiforms are very similar in external 
odrich’s well-known description (1907) of the appearance and, in detailed histologic structure, 
tologic structure of the scales. Goodrich arrived appear to be almost identical. Since, in addition, 
he conclusion that there is a fundamental differ- Polypterus differs distinctly from the actinopte- 
in the minute structure of the scales between rygians in its paired lunglike air bladder, in the 
dipnoans and the crossopterygians, on the one _ presence of a well developed epichordal lobe in its 
d, and the actinopterygians, on the other. The caudal fin, and in other respects, it may be doubted 
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that it is such a good actinopterygian as it is gen- 
erally maintained to be. Because of their many 
resemblances to the crossopterygians, in particular 
to the coelacanthiforms, it would perhaps be most 
natural to return to the old view and include the 
brachiopterygians (Polypterus and Calamoichthys) 
in the Crossopterygii. 

However, there are some differences between the 
crossopterygians and the brachiopterygians and, 
besides, new investigations (/0, 13) have revealed 
that the structural gap between the crossopterygians 
and the actinopterygians is hardly as wide as has 
been assumed. Under these circumstances it seems 
most reasonable to regard the Brachiopterygii, at 
least provisionally, as a separate group equal in 
rank with the Crossopterygii and the Actinopterygii 
(Fig. 1). It is to be hoped that the detailed ana- 
tomical investigations of the living coelacanthids 
that are now in progress will shed new light on the 
interrelationships among these three groups and 
definitively solve the old problem of the systematic 
position of Polypterus. 

On the other hand, it is hardly to be expected 
that future studies of the living coelacanthids will 
aid materially in elucidating the origin of the tet- 
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rapods. In view of the absence of the choai , an, 
stion 
that either the coelacanthiforms, the brac )pte- 
rygians, or the dipnoans can have been dire: 
runners of the tetrapods. The only possible 

tors of the tetrapods are then the osteolepifor 
porolepiform crossopterygians, which are th 
fishes possessing the three openings of the na 
characteristic of the land vertebrates, that 

external nostril, the nasolachrymal duct, ai 


for numerous other reasons it is out of the q 


rore- 
hces. 
ang 

} 
Only 


if 
al 


choana. 

If we compare the Osteolepiformes and the Poro. 
rates 
n the 
anterior part of the head as in the porolepiform: 


lepiformes with other groups of lower verte! 
we find that exactly the same specializations 


are met with solely in the urodeles, whereas the nu- 
merous specializations characteristic of the osteo. 
lepiforms are found in the anurans (Fig. 6). In 
most cases we meet a close agreement even in th 


minute details of the internal anatomy between th 
porolepiforms and the urodeles, on the one hand, 


and between the osteolepiforms and the anurans 
on the other. The main differences in the anterior 
part of the head between a porolepiform and 
salamander or between an osteolepiform and a frog 
are in fact of secondary importance. More precisely 
they are mainly the result of the regressive phyleti 
development of the skeleton. 

On account of the very close agreement in th 
internal anatomy of the anterior part of the head 
between the osteolepiforms and the anurans it is 
evident that the Osteolepiformes and the Anura 
must be very closely related and that in all probabil. 
ity the anurans therefore have evolved from primi- 


Fig. 7. A, B, the position of the nasal openings in, 4, a 
choanate gnathostome and, B, a dipnoan in relation to th 
nasal capsule, the infraorbital sensory canal and the ramus 
maxillaris of the trigeminal nerve. In the modern dip 
noans the posterior external nostril and the processus 
(cartilago) subnasalis, which separates the two nostrils, 
are situated in the roof of the mouth cavity. The choana 
is absent in the dipnoans. C, the anterior part of the head 
and the lower jaws in ventral aspect in an early dipnoan 
(Chirodipterus wildungensis; lowermost Upper Devo- 
nian). In contrast with modern dipnoans the processus 
subnasalis and the opening for the posterior external 
nostril are still situated outside the margin of the lowe! 
jaw. The processus subnasalis is ossified and is covered 
ventrally by a similar process formed by the exoskeleton 
The latter process, like other parts of the external exo 
skeleton, is coated by a shiny layer of dentine and enamel! 
an, anterior (incurrent) external nostril; ch, choana (in 
ternal nostril); fe.an, fe.pn, openings for anterior 
posterior external nostrils; toc, infraorbital sensory ca! 
l.j7, lower jaws; pn, posterior (excurrent) external nost 
pre.sn, exoskeletal subnasal process (endoskeletal process 
concealed) ; pr.sn, endoskeletal subnasal process (cartl 
lago subnasalis) ; r.mx, ramus maxillaris trigemini. [A 
from Jarvik 1942 (10); C, specimen belonging to | 
Paleontological Institute and Museum of the Univer 


of Berlin] 
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ali and “veos lepiforms (/0). This conclusion is strongly ants of osteolepiforms; that the same is true at any 
| by the fact that several of the structural rate of most post-Devonian labyrinthodonts is evi- 


Q' ’stion supp! 

ACH \Opte. sedi characteristic of adult anurans arise com- denced, among other things, by the structure of the 
ec! fore. parati\ ly late during the embroylogic development palate and the presence and development of the 
le ances. ‘yom «1 osteolepiformlike initial stage of develop- septomaxillary (lateral rostral). Since a septomax- 
Orit and ment. or the same reasons it must be concluded _ illary of the osteolepiform type is found also in 
the onh Urodela are closely allied to the Porolepi- primitive reptiles and mammals, and for other rea- 


lasal say ind are derived from the latter group. The sons, we may be sure that the Amniota, too, are 


t is, the re inces existing between the recent amphi-_ derived from osteolepiforms. The Osteolepiformes 
and the rf » back to similarities between the ancestral have thus given rise to the vast majority of the Tet- 

ish ips or arose independently in the osteolepi- rapoda (Figs. 1, 10). It is not unthinkable, how- 
1e Poro. juran and the porolepiform-urodele lines of | ever, that certain imperfectly known stegocepha- 


tebrates e m (Figs. 1, 10). lians (and the Apoda?) may belong to the porolepi- 
S in the Now that we have seen that the urodeles and the form-urodele stock. This applies above all to those 
piform: nurans are descendants of two different groups of | stegocephalians in which the parasphenoid is of 
the nu- fishes, the tetrapods thus being diphyletic, the ques- the broad type characteristic of the porolepiforms 
> osteo- tion arises from which of these two groups the other (/0). 

6). In tetrapods developed. As will be demonstrated, the As may be gathered from Fig. 8, the anterior 


| In the Devonian ichthyostegalians are certainly descend- part of the palate in the Triassic labyrinthodont 
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and 
anal; ¢. 8. Ventral views of the palate of, A, an osteolepiform crossopterygian (Eusthenopteron foordi), B, a Triassic stego- 
stril ephalian (Mastodonsaurus) and, C, a Devonian stegocephalian (Ichthyostega). c.nt, canal for notochord; Dpl, der- 
“OCESS mopalatine; Ecpt, ectopterygoid; Enpt, entopterygoid; fe.exa, opening for anterior external (incurrent) nostril; 
carti- fe.exch, opening in exoskeleton for choana; fe.pal, anterior palatal fenestra; fo.ap, fossa apicalis, for intermaxillary 
A, B, ‘land; iv.c, iv.p, intervomerine canal and intervomerine pit, for efferent ducts of intermaxillary gland; Mx, maxillary; 
» the , parasphenoid; Pmx, premaxillary; Qu, articular area for the lower jaw; R./, lateral rostral; sut, limit between ante- 
»rsity ind posterior ossifications of braincase; Te.a, anterior tectal; Vo, vomer. [From Jarvik 1954 (73), 1942 (10), and 

12)] 
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Fig. 9. A—D, two vertebrae of (left) an ichthyostegid 
stegocephalian (Ichthyostega) and (right) an osteolepi- 
form crossopterygian (Eusthenopteron) in lateral and 
anterior aspects. E, vertebra of early dipnoan in transverse 
section; upper Upper Devonian, East Greenland. The 
cartilaginous basal parts of the arcual elements restored. 
B.v, basiventral:; c.nt, canal for notochord; Ido, interdor- 
sal; N.a, neural arch (basidorsal); R, rib; V.a, ventral 
vertebral arch. [From Jarvik 1952 (12) ] 


Mastodonsaurus is very suggestive of that in the 
osteolepiform Eusthenopteron and even such spe- 
clalized features as the intervomerine pit and the 
intervomerine canal in the posterior wall of the 
fossa apicalis have been retained without any 
marked changes. Similar conditions are found in 
most other Triassic stegocephalians (capitosaurids, 
benthosuchids, metoposaurids, and so forth), and 
evidently all these late stegocephalians therefore 
evolved from an osteolepiform in which, as in Eus- 
thenopteron, the fossa apicalis is well developed. 
From this it follows that the late stegocephalians 
can hardly be descendants of any of the well-known 
paleozoic forms, for all these early stegocephalians 
are without the intervomerine canal and the inter- 
vomerine pit (Fig. 8, C) or they differ in other 
respects more from Eusthenopteron than the Trias- 
sic forms mentioned above. 

These and other conditions (/0) 
doubt about the validity of the evolutionary lines 
generally distinguished within the Labyrinthodontia 
and lead us to the conclusion that Mastodonsaurus 


raise some 


and its allied forms arose from the osteolepiforms 
independently of all the paleozoic stegocephalians 
known in any detail. Neither there been 
found any unquestionable paleozoic transitional 


have 
forms between the osteolepiforms and the anurans, 
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or between the osteolepiforms and the repti! <, ay 
for these and other reasons it is likely that th: osteo. 
lepiforms have given rise to several evolu: ona, 
lines reaching the tetrapod stage. This woulc mea; 
that the tetrapods are polyphyletic (Fig. 10 

The oldest tetrapods. The ichthyosteg lian 
which are the first land vertebrates to appear in ¢| 
geological record and the only Devonian tet: apod 
hitherto found, are known only from the late Dey; 
nian Old Red Sandstone at Franz Joseph 
(latitude 73° + 74° N.) 
were not discovered until 


F jor 
in East Greenland. Th 
1931 when, during ¢] 


Danish East Greenland expedition under the lead 


ership of Lauge Koch, G. Save-Séderbergh (1/4 
and his assistants found some imperfect skulls o 
Mount Celsius on Ymer Island. This discovery nat 
urally prompted further search and since 193 
Koch’s expeditions have brought home a large co 
lection (about 220 specimens) of these interestiy 
animals both from Mount Celsius and from t! 
Gauss Peninsula on the opposite side of Fran: 
Joseph Fjord, where rich beds were discovered 
1932. This material is now in Stockholm for prep: 
ration and description, and the preparation hi 
proceeded so far that it is possible to give—for th 
first time—a restoration of the skeleton of a Dev 
nian tetrapod (Fig. 11). 

On the basis of the material obtained in 
Save-Séderbergh (/4) distinguished two gener: 
Ichthyostega and Ichthyostegopsis, which he r 
ferred to the family Ichthyostegidae, forming thy 
order Ichthyostegalia. ‘The new material, which s 


1G 


far has been only partly described (72), contair 
ichthyostegid skulls of various types; probably o1 
or two more genera are represented. Besides, the 
are a few incomplete skulls of another stegoceph: 
lian, Acanthostega. The latter form differs so muc! 
from the ichthyostegids in the posterior part of th 
skull (Fig. 4, &, F) that it must be placed in 
family of its own, the Acanthostegidae, which onl 
provisionally can be included in the Ichthyostegalia 

The Upper Devonian tetrapod fauna of East 
Greenland is thus rich in forms, and the presence o! 
types so different as the ichthyostegids and th 
acanthostegids demonstrates that the radiation « 
the Tetrapoda was well under way during this tim 
Since, in the posterior part of the skull, the 
thyostegids and the acanthostegids have bec: 
specialized in different directions they must | 
developed independently of each other for a « 
siderable time and it is not unlikely that they a 
separately from different osteolepiforms. 

The ichthyostegids agree in many respects cl 
with the osteolepiforms. The general pattern of 
dermal bones in the anterior and lateral part: 
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it, in the cheek and in the external side of 
er jaw is thus identical in the two groups 
2). There is exactly the same number of 
bones, and the bones have the same rela- 
} the sensory canals and, on the whole, to 
her as well. ‘Two of these bones, the anterior 
often confused with the lateral rostral or 
septomaxillary) and the preoperculum are lacking 
post-Devonian stegocephalians. Behind the 
cheek in the ichthyostegids there is a distinct but 
reduced suboperculum situated the same as that in 
the osteolepiforms. This bone is also lacking in later 
tetrapods and its presence in the ichthyostegids can 
only mean that a gill cover persisted in front of the 
cleithrum. However, no traces of gill arches (or 
have been found and conceivably these 


mn ) 
lil «a 


stapes 
structures were weakly developed and partly carti- 
laginous, just as they are in the osteolepiforms. An- 
other remarkable piscine feature retained in the 
ichthyostegids is that the sensory lines are enclosed 
in the dermal bones. 

lhe lower jaw, too, is very suggestive of that in 
the osteolepiforms. The agreement is, in fact, so 
close that it is often difficult to decide whether the 
numerous detached jaws obtained from the late 
Devonian of East Greenland pertain to an ich- 
thyostegid or to the osteolepiform (Husthenodon, 
12) occurring in the same deposits. Also in the 
palate the ichthyostegids in most respects agree well 
with the osteolepiforms (Fig. 8). Moreover, it is 
noteworthy that the parasphenoid of the ichthyo- 
stegids is short, as in the crossopterygians, extend- 
ing backward only as far as the region of the hypo- 
physis. This resemblance is owing to the important 
fact that the ichthyostegids are the only tetrapods 
in which the transverse subdivision of the neural 
endocranium characteristic of the crossopterygians 
is sull traceable (the braincase shows a transverse 
suture close behind the fossa hypophyseos) . 

Ihe transverse suture between the frontoeth- 
moidal and parietal shields of the osteolepiforms, 
on the other hand, has disappeared in the ichthyo- 
stegids and the cheeks have fused with the skull 
root (Fig. 4). In connection with these modifica- 
tions, which are foreshadowed in the osteolepi- 
forms, and other modifications caused by fusions of 
dermal bones (17-13), the skull roof has changed 
so radically that all attempts have failed to homolo- 
gize the comparatively few dermal bones in_ the 
ichthyostegids (and other lower tetrapods) with 
the numerous bones in the corresponding position 
in the osteolepiforms. Similar changes have taken 
place in the neck region of the ichthyostegids, and, 
as evidenced for example by the course of the su- 
pritemporal commissural sensory canal (Fig. 4) 
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the bones of the extrascapular series of the osteo- 
lepiforms have become incorporated into the skull 
roof of the ichthyostegids, entering into the forma- 
tion of the tabular and postparietal. 

In papers discussing the differences in the skull 
roof of the crossopterygians and of the stegocepha- 
lians, reference has often been made to a fragmen- 
tary skull roof from the lowermost Upper Devonian 
of Scaumenac Bay, Canada, incompletely described 
under the generic name of Elpistostege. On the 
basis of this skull roof (Fig. 4, B) and of the posi- 
tion of the pineal foramen in various forms, at- 
tempts have been made to determine the homolo- 
gies of the dermal bones. 

It has also been maintained that, in the propor- 
tions of the skull roof, Elpistostege is intermediate 
between osteolepiforms and_ ichthyostegids, and 
seemingly convincing diagrams illustrating this 
opinion have been published. It should be noticed, 
however, that the skull roof varies considerably 
within the Osteolepiformes (Fig. 4 A~D) both with 
regard to its proportions and the position of the 
pineal foramen. Thus, in Osteolepis the frontal is 
much shorter than the parietal and the pineal fora- 
men is situated far forward. In Eusthenopteron 
foordi, which is from the same locality (Scaumenac 
Bay) as Elpistostege, the frontal and parietal are 
equal in length and the pineal foramen lies a little 
behind the middle of the frontals. In Eusthenodon, 
finally, the frontal is longer than the parietal and 
the pineal foramen is found far back. As may be 
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Fig. 10. The polyphyletic origin of the Tetrapoda and the 
importance of the osteolepiform crossopterygians as a stem 
group of the vast majority of the land vertebrates 





gathered from Fig. 4, Elpistostege is, in these re- 
spects, exactly like Eusthenopteron foordi. It is thus 
by no means intermediate between osteolepiforms 
and ichthyostegids. 

The ichthyostegids differ from the osteolepiforms 
in the position of the external nostril (Figs. 4, 8, 
12). In the ichthyostegids this opening, w hich cor- 
responds to the anterior (incurrent) nostril of 
fishes, has secondarily shifted downward; this 
migration has caused changes in the upper jaw 
similar to those in the dipnoans and certain sharks. 
The lateral rostral has been reduced to a thin 
cylinder carrying the infraorbital sensory canal and 
this canal and the adjoining ends of the maxillary 
and premaxillary have shifted inward, so that the 
sensory canal forms a curve inside the nostril as in 
certain advanced sharks. Since the margin of the 
upper jaw is intact in later tetrapods, as it is in all 
osteolepiforms (Fig. 8), the ichthyostegids cannot 
be ancestral to any other tetrapods so far known. 
For this and many other reasons it must be con- 
cluded that the ichthyostegids represent a blind 
branch of the osteolepiform-labyrinthodont stock 

Fig. 1) 

In the postcranial skeleton, striking similarities 
too, between the ichthyostegids and the 
12). This applies particularly to 
the vertebral column. The individual vertebras are 
almost identical in structure (Fig. 9), consisting of 
two dorsal arcual elements, the interdorsal and the 
basidorsal or neural arch, and a large ventral ele- 
formed by the fusion of an inter- 
The ribs are dorsal ribs 


are found, 


osteolepiforms 


ment, probably 
ventral with a basiventral. 
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65 cm long. 
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with a bifid proximal articular head as in tet 

in general. However, the thoracic ribs of th 

thyostegids have become much _ broadened 
form a cuirass around the body cavity. In the 

dipnoans, which previously have been conside 

be closely related to the osteolepiforms and ; 
tral to tetrapods, the vertebral column is funda 
tally different (Fig. 9, FE). In these it consi 
solid centra partly formed within the notoch 
sheet as in sharks. These centra exhibit dee; 
for the cartilaginous basal parts of the arcua 
ments. In addition, the ribs are of the pleural 

tral) type. 

The appendicular skeleton in the ichthyostegi 
(Fig. 11) is developed fundamentally as that 
other stegocephalians and primitive reptiles 
they have typical pentadactyl limbs. Howeve: 
several respects the appendicular skeleton of 
ichthyostegids is more primitive and fishlike 
that of the later tetrapods, approaching that of th 
osteolepiforms. Studies of Eusthenopteron now 
going on have revealed that the skeleton of th 
paired fins and their girdles in the osteolepiforms 
had become specialized in such a way that a trans- 
formation into a typical tetrapod limb could tak: 
place without any great structural changes. Thes 
specializations are clearly seen, for example, in thy 
proximal element of the pectoral fin, which, in spit 
of the fact that the pectoral fin in Fusthenopteror 
has long been a favored object in the speculations 
about the origin of the tetrapod limb, has hithert 
fact, this ele- 
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ment has acquired most of the processes and othe: 
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Restorations of the oldest tetrapod, Ichthyostega, from the upper Upper Devonian of East Greenland; ab 
The large specimens probably attained a length of about | m. 
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| features distinctive of the primitive tetra- 
.erus and consequently has to be regarded 

humerus. It is now clear that the tetrapod 
any rate in the descendants of the osteolepi- 
rose from a pectoral fin of the type found in 
opteron without addition of a “neopo- 
x other profound changes. 
ly, the tail of the ichthyostegids (Fig. 11) is 
ily of the fish type, for, unlike the tail in any 
other tetrapod, it is provided with a true fin sup- 


struct 


| ported by both endoskeletal radials and dermal fin 


rays lepidotrichia). This fin represents chiefly a 
caudal fin, but the fact that dorsally to the body axis 
it is clearly subdivided into two portions, anterior 
and posterior, must certainly mean that it also in- 
cludes a posterior dorsal fin. In all probability it has 
therefore arisen by the fusion of a posterior dorsal 
fin with the dorsal lobe of a heterocercal caudal fin 
of the type found in Osteolepis and many other 
osteolepiforms. Exactly as in osteolepiforms, the 
ventral lobe of the heterocercal caudal fin in the 
ichthyostegids extends farther forward than the 
dorsal lobe, but, unlike in the osteolepiforms, its 
principal anterior part lacks dermal fin rays and 1s 
represented by somewhat modified radials. This 
latter condition is very likely the result of the fact 
that this part of the tail dragged on the ground 
when the animal was moving in shallow water or 
on land (172). 

The presence of pentadactyl limbs and the gen- 
eral structure of the appendicular skeleton prove 
that the ichthyostegalians have definitely reached 
the tetrapod stage of evolution and for these and 
other reasons they are to be regarded as true tetra- 
pods. With regard to the structure of the tail and 
in numerous other respects, on the other hand, they 
are fundamentally fishes or are intermediate be- 
tween fishes and later tetrapods. The ichthyoste- 
galians, or the four-legged fishes—as they have 
been called with some justification—thus aid con- 
siderably in elucidating the structural changes that 
took place during the important phase of the evo- 
lutionary history of the vertebrates from fish to 
tetrapod. 

It must be pointed out, however, that in view of 
the modern paleoanatomical investigations of the 
early crossopterygians the structural gap between 
fishes and tetrapods is not nearly as wide as pre- 
viously supposed. Thus, in the rhipidistid crossop- 
terygians, as we have seen, numerous structural 
characteristics distinctive of tetrapods are found 

. 6). Several of these characteristics, for ex- 
le the choana and in all probability the lungs 
vell, must have been present in the common an- 
cestors of the porolepiforms and the osteolepiforms: 
the origin of these basic characteristics started the 





Fig. 12. The skull and the shoulder girdle in lateral as- 
pects in, A, an osteolepiform fish (Eusthenopteron foordt) 
and an early tetrapod (Ichthyostega; Upper Devonian, 
East Greenland) showing the agreements in the general 
pattern of the dermal bones and in the course of the sen- 
sory canals. Clav, clavicula; Clm, cleithrum; De, dentary: 
fe.exa, opening in exoskeleton for anterior (incurrent 
external nostril; Jd, infradentaries; toc, infraorbital sen 
sory canal; Ju, jugal; La, lachrymal; Mx, maxillary; Pmx, 
premaxillary; Po, postorbital; Pop, preoperculum; Qj), 
quadratojugal; R.J, lateral rostral; Sop, suboperculum; 
So-Te, supraorbito-tectal (prefrontal So.2, posterior 
supraorbital (postfrontal) ; Sq, squamosum; T'e.a, ante- 
rior tectal. [A, from Jarvik 1944; B, from Jarvik 1952 
(12), with addition of the shoulder girdle] 


evolution of the tetrapods in the Silurian or earlier. 
When, later on, the porolepiforms and the osteolepi- 
forms became separate groups, a great number of 
additional specializations arose, in the porolepiforms 
of the urodele type and in the osteolepiforms of the 


anuran type. In the porolepiforms such special- 


izations have been demonstrated mainly in the 
anterior part of the head (/0). In the osteolepi- 
forms typical tetrapod features have been recog- 
and, for 


) 


ized in other parts as well (10, 13) 
instance, the skeleton of the paired fins has ac- 
quired many specialized features distinctive of the 
limb skeleton in tetrapods. By these changes the os- 
teolepiforms and the porolepiforms had, even at 
the time of their first appearance more than 300 
million years ago, reached such an evolutionary 
stage that a transition to a terrestrial mode of life 
could take place without any profound changes 
in internal anatomy. 

The glimpses of the Devonian tetrapod life 
given us by the East Greenland ichthyostegalians 
are of course most incomplete. The diversity of 





types among the later tetrapods, none of which may 
»e derived from the known Devonian forms, shows 
that a rich tetrapod fauna including several evo- 
lutionary lines existed in late Devonian time. It is 
difficult to imagine that all these lines arose from 
one single porolepiform and one single osteolepi- 
form. We may therefore assume that the com- 
paratively small structural changes needed to con- 
vert a porolepiform or an osteolepiform fish into 
a tetrapod took place several times in each of these 
groups of fishes and that accordingly the tetrapods 
are polyphyletic (Figs. 1, 10). 

If we compare the recent and other late mem- 
bers of the various evolutionary lines within the 
Amphibia with their ancient predecessors among 
the porolepiform and osteolepiform fish, it is sur- 
prising to find how small have been the structural 
changes and how slow the rate of evolution in 
many cases. Thus the recent urodeles and anurans 
in many respects agree most closely with their 
Devonian forerunners, and in numerous features 
they have undergone but small modifications in 
their internal structure, or they have not changed 
at all, since the very remote times when the basic 
specializations characteristic of each of these groups 
arose. 

In the stegocephalians, too, we often meet a 
similar conservatism, and even the reptiles and 
mammals have retained many features inherited 
from their ancestors among the rhipidistid cross- 
opterygians. In order to fully understand the 
structure of their skeleton and related soft parts, to 
determine which structures are primitive and 
which are secondary acquisitions, to explain the 
processes occurring during their embryologic de- 
velopment, and so forth, in amphibians and in 
tetrapods in general, it is therefore necessary to be 
thoroughly familiar with the ancestral fishes. An 
intimate knowledge of the rhipidistid crossopteryg- 


ians is accordingly indispensable for all s\ den 
interested in the phyletic and ontogenetic ev. tio, 
of the tetrapods, their mutual relationship | ap, 


classification. 
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ILERLOCK HOLMES, in speaking of Fran- 

cois de Villard, the French detective, said: 

“He possesses two out of the three qualities 
necessary for the ideal detective. He has the power 
{f observation and that of deduction. He is want- 
ing only in knowledge (p. 93).* Holmes 
possessed all three traits. His knowledge was ex- 
tensive and in many instances intensive. Among the 
fields in which he showed considerable knowledge 
was anthropology. Primarily, his interests were con- 
cerned with what we today classify as physical an- 


9 


thropology, but he knew archeology and ethnog- 
raphy as well. I shall discuss the evidence under 
these headings. 


Physical Anthropology 


General background. In A Study in Scarlet 
Holmes’ “limits” are given. There are twelve cate- 
yories, the eighth of which is anatomy. Watson 
rates him here as “accurate, but unsystematic” 

It must be remembered that the British 
anatomy courses of the last half of the 19th cen- 
tury contained much physical anthropology. At 
that time there was no physical anthropology, per 

At that time, too, anatomy was gross anatomy, 
that is, morphologic as opposed to histologic. It was 
nly natural, therefore, for anatomists to include 
physical anthropology in their thinking, teaching, 
ind occasional research. In The Hound of the 
Baskervilles Holmes refers to a day spent at the 
Museum of the College of Surgeons for “pure 
amusement” (p. 818). It is quite likely that here 
ie studied the Flower and the Hunterian collec- 
tions of comparative and human osteology. 

timation of stature. Of all reconstructions or 

“In presenting the data I shall refer to source and 

e by page number. I have used The Complete Sher- 
Holmes, vols. 1 and 2, by Sir Arthur Conan Doyle; 
ce by Christopher Morley (Doubleday, New York, 


deductions involving the human body, the calcu- 
lation of height seemed to have concerned Holmes 
the most. As a rule he used stride and foot size as 
criterions, although on at least one occasion he 
used his own stature as a gage. In The Sign of the 
Four Holmes said that Jonathan Small’s “height is 
readily calculated from the length of his stride (p. 
129). Moreover, in The Boscombe Valley Mystery 
Watson, in following Holmes’ deductions, says to 
him: “His height I know that you might roughly 
judge from the length of his stride” (p. 240). No- 
where are we told precisely how all this is done. In 
fact, Holmes deliberately refrains from doing so. 
In A Study in Scarlet he says to Watson: “Why, 
the height of a man, in nine cases out of ten, can 
be told from the length of his stride. It is a simple 
calculation enough, though there is no use my bor- 
ing you with figures” (p. 24 

But Holmes does give us a lead. In the same case 
he describes the probable murderer as “more than 
six feet high” (p. 23). In part, this was deduced 
from the fact that his stride was “four and half 


feet” (p. 24). We are led to assume that the stride 


is about two-thirds, or a little more, of the total 
stature. In this case, Holmes said: “I had a way of 
checking my calculation. When a man writes on a 
wall, his instinct leads him to write above the level 
of his own eyes. Now that writing [the word Rache] 
was just over six feet from the ground. It was 
child’s play” (p. 24). 

On occasion, foot size (length) was used in es- 
timating stature or in analyzing footprints at the 
scene of a crime. In A Study in Scarlet Holmes 
averred that the murderer “Shad small feet for his 
height” (p. 23). In The Singular Experience of 
Mr. Scott Eccles Holmes remarked of a footprint: 
‘a number twelve shoe, I should say. If he was all 
on the same scale as his foot he must certainly have 
been a giant” (p. 1032). In The Boscombe Valley 





Mystery Holmes measured the boots of Charles and 
James McCarthy, father and son, “very carefully 
from seven or eight different points” (p. 236). 

In The Adventure of the Three Students height 
is a factor in the solution of the mystery of the 
copied examination papers. In this case Holmes 
refers to “unusual height” (p. 707) and “great 
height” (p. 708). He asked Mr. Soames how tall 
Miles McLaren was, and was told, “I suppose five 
foot six would be about it.”” We are told that Gil- 
christ was “a tall, flaxen-haired, slim young fellow” 
(p. 703). It was he who was the culprit, for only 
he, of the three, was tall enough to see the proof 
sheets upon the tutor’s desk. Holmes had deduced 
that the height of the window above the ground 
precluded a short-statured person from peering into 
the room. 

In The Adventure of the Abbey Grange Holmes 
deduced the murderer as being “six foot three in 
height” (p. 753). This he did by climbing up on a 
mantel piece, bracing his knee on a bracket, and 
trying to reach the level where a bell cord had been 
severed by a knife. Holmes says, “I could not reach 
the place by at least three inches—from which I 
infer that he is at least three inches a bigger man 
than I” (p. 754). [Parenthetically, this makes 
Holmes a six-footer, but Watson describes hia as 
“rather over six feet” (p. 9).] 

On one occasion Holmes used length of stride in 
a different manner. In The Crooked Man he no- 
ticed “four prints where the beast had been stand- 
ing motionless” (p. 480). He observed that the dis- 
tance from forefoot to hindfoot was 15 in.; add to 
this length of head and neck, and over-all length is 
about 24 in. Yet, the stride is only 3 in.; this gives 
“a long body with very short legs attached to it” 
(p. 480). The animal was later revealed as a mon- 
goose, or ichneumon (p. 486). 

Holmes even used stride-length to assess behav- 
ior. In A Study in Scarlet he observed of the mur- 
derer: ‘‘as he walked he grew more and more ex- 
cited. That’s shown by the increased length of his 
strides” (p. 26. 

In two Holmes had to contend with a 
wooden leg. Even so, he felt that the length of the 
stride warranted an assumption of stature. The 
murderer in The Sign of the Four is deduced “as 
a poorly educated man, small, active with his right 
leg off, and wearing a wooden stump <n 
121). In The Adventure of the Beryl Coronet, the 
greengrocer who stood to the left of the door was 
wooden-legged (p. 354). Here, however, only his 


cases 


presence was of moment. 

Feet and hands. The feet figure in several cases, 
apart from deduction of stature. In The Sign of 
Four there is reference to the fact that “the floor 
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was covered thickly with the prints of a nak. | fo9; 
—clear, well-defined, perfectly formed, but 
half the size of those of an ordinary man” (; 
When Holmes printed his own right foot | 
comparable print on the floor, it was no 
Watson that “‘your toes are all cramped t 
The other print has each toe distinctly divid 
125). Later on, Holmes summarizes, in part 
minutive footmarks, toes never fettered by 
naked feet...” (p. 136). Watson says: “A savag 
Perhaps one of those Indians who were the associ- 
ates of Jonathan Small!” To which Holm 
plies: “Some of the inhabitants of the India: 
insula are small men, but none could have left such 
marks as that. The Hindoo proper has a long and 
narrow foot. The sandal-wearing Mohamn 
has the great toe well separated from the others 
because the thong is commonly passed between” 
(p. 136). Holmes deduced correctly that the make: 
of the prints was an Andamanese—“the averag 
height is rather below four feet . . . feet and hand 

. remarkably small...” (p. 137). 

The hand also figures frequently in Holmes’ de- 
ductions, but almost exclusively with reference t 
occupational stigmata. I shall not consider these ir 
this article. In The Red-Headed League he noted 
use hypertrophy in Mr. Wilson’s hands when he 
observed that “your right hand is quite a bit large: 
than your left. You have worked with it, and th 
muscles are more developed” (p. 196). In Th: 
Yellow Face Holmes deduced from a smoking pip 
that the owner was left-handed because the right 
side of the pipe was charred from holding it to a 
lamp flame (p. 403). In The Boscombe Vall 
Mystery Holmes describes the murderer as “a tall 
man, left-handed .. .” (p 238). The left-handed- 
ness was deduced from the nature of the head 
wound sustained by the victim; the left parieto- 


“Di- 


OOTS 


occipital area was involved. “The blow was struc! 
from immediately behind, and yet was on the left 
side. Now, how can that be unless it were by a leit 
handed man?” (p. 240) 

The skull. There is surprisingly little referenc: 
to cranial (cephalic) type in Holmes’ cases. In- 
deed, Dr. Mortimer, who brought The Hound 0/ 


the Baskervilles to Holmes’ attention is the on 
primarily concerned. When he first met Holmes 
his earliest remarks were: “I had hardly expected 
such a dolichocephalic skull or such well-marked 
supraorbital development. Would you have any 
objection to my running my fingers along your pat- 
ietal fissure? A cast of your skull, sir, until the orig- 
inal is available, would be an ornament to any 20- 
thropological museum. It is not my intention to be 
fulsome, but I confess that I covet your skull” 

787). Later on Holmes says to Dr. Mortimer, ~ 
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_ Doctor, that you could tell the skull of a 


yre 

Nee rom that of an Esquimaux?” (p. 803) 
Th act that a doctor in the late 1800's is pre- 
sun o know racial craniology is prima facie evi- 
denc. of the then close relationship between anat- 
omy ond anthropology. This is in the Hunterian 
and ‘cunningham traditions). Dr. Mortimer re- 


plied in the affirmative, listing such criterions as 
“the supraorbital crest, the facial angle, the maxil- 
lary curve .’ (p. 803). In his first report to 
Holmes, Watson wrote that Dr. Mortimer “has 
been excavating a barrow at Long Down and has 
got a prehistoric skull which fills him with great 
jov p.- 836). 

Sicletal material. It is noteworthy that in all his 
cases Holmes encountered the skeleton, other than 
the skull, only three times—and in each instance 
the bones were burned! In The Adventure of the 
Norwood Builder, charred remains were found in 
a burned woodpile (p. 578). Holmes went to the 
scene at Deep Dene House. Although he does not 
say so in so many words, he apparently accepted 
without challenge the “charred organic remains” 
p. 584) as possibly human. He stucied the burned 
trouser buttons carefully. The whole examination 
he called a “fiasco,” in the sense that no new leads 
were uncovered. Surely, if he had identified the 
bones as nonhuman he would have earlier come to 
the conclusion that Jonas Oldacre had not been 
burned in the woodfire. Not until Oldacre had 
been flushed from his hiding place did Holmes use 
the term animal remains (p. 592). In a jovial 
mood, after Oldacre had revealed his plot, Holmes 
asked: “By the way, what was it you put in the 
woodpile besides your old trousers? A dead dog, or 
rabbits, or what? .. . I daresay that a couple of rab- 
bits would account for the blood and the charred 
ashes” (p. 593). 

In The Adventure of Wisteria Lodge Inspector 
‘a platter heaped with 
small pieces of burned bones” (p. 1033). When 
asked by the Inspector, “What do you make of 
these bones?” Holmes instantly replied, ‘‘a lamb, I 
should say, or a kid” (p. 1033). He did not say 
how he knew this; it may be that he made a cul- 
tural, rather than an osteologic, deduction, for at 
the conclusion of the case he cited the sacrifice of 
a black goat in voodoo worship (p. 1043). 

Burned bones figure also in The Adventure of 
Shoscombe Old Place. Mr. John Mason stated that 
he and Stephens had gone down into the crypt and 
lound “the head and a few bones of a mummy” 

1303). Later Mr. Mason produced “a charred 

‘ment of bone” taken from “a central heating 
‘urnace in the cellar below Lady Beatrice’s room” 
1304). Even though the bone ‘ 


Baynes showed Holmes 





rch 1955 





‘was burned to a 





black cinder there could be no question of its ana- 
tomical significance.” Without hesitation Holmes 
stated it to be “the upper condyle [sic] of a human 
femur” (p. 1304). The use of the term upper con- 
dyle is, of course, incorrect. There is no such ana- 
tomical structure. It may be that upper part of the 
femoral condyle was meant; it may be that, in the 
knee, femoral condyles were “upper” and _ tibial 
condyles were “lower,” much as “superior maxil- 
lary” (maxilla, per se) and “inferior maxillary” 
were used. At all events, identification 





(mandible 
was either wholly incorrect, or loosely stated. 

It is difficult to give a precise figure, but it is not 
too far from wrong to say that more than 90 per- 
cent of Holmes’ deductions were based upon the 
observation of the living human body. 

Race and racial traits. These loom quite impor- 
tantly in Holmes’ deductions, reflecting the racial 
knowledge and beliefs of his times. For example, 
he shared contemporary beliefs in so-called “racial 
memory.” After listening to the music of Norman 
Neruda he remarked to Watson: “It was magnifi- 
cent. Do you remember what Darwin says about 
music? He claims that the power of producing and 
appreciating it existed among the human race long 
before the power of speech was arrived at. Perhaps 
that is why we are so subtly influenced by it. There 
are vague memories in our souls of those misty cen- 
turies when the world was in its childhood” (p. 29). 

Holmes knew of the pygmoid people of the 
Malay Peninsula and of the Andamans. He used 
this knowledge toward the solution of The Sign of 
the Four (pp. 136-7). The race type most fre- 
quently referred to by him was the South European 
(Mediterranean). In The Greek Interpreter he 
and Watson were joined by a man “whose olive 
face and coal-black hair proclaimed his Southern 
origin” (p. 505). In The Naval Treaty Percy 
Phelps’ fiancée is described as “with a beautiful 
olive complexion, large, dark, Italian eyes, and a 
wealth of deep black hair” (p. 519). In The Ad- 
venture of the Six Napoleons Inspector Lestrade 
refers to a dead man, saying that he had “some 
Catholic emblem round his neck, and that, along 
with his colour, made me think he was from the 
South” (p. 689). In The Valley of Fear Body- 
master McGinty is described as having a complex- 
ion “as swarthy as that of an Italian” (p. 971 

The Yellow Face is based on a race-mixture as- 
sumption which today we would hold utterly un- 
tenable. When the mask was removed “there was 
a little coal-black negress .. .” (p. 414). Mrs. Grant 
Munro, a white Englishwoman, explained by say- 
ing the child was hers, from a union with John 

Tebron, of Atlanta, Georgia. She showed his pic- 
ture to Holmes; he was “strikingly handsome and 
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intelligent-looking, but bearing unmistakable signs 
upon his features of his African descent” (p. 414). 
This description certainly does not suggest a deeply- 
pigmented Negro face—there are only “signs upon 
his features” (possibly lips or nose?) of “African 
descent.” The whole case is reared upon the hiding 
of the “coal-black” daughter of this marriage. As 
the evidence is laid before us it is genetically very 
improbable—if not impossible—that such a child 
could have resulted from the union of a white fe- 
male and an apparently partially Negroid male. 
This case is built on the long-enduring myth of a 
total racial “throwback.” In The Adventure of 
Wisteria Lodge reference is made to a “huge and 
hideous mulatto, with yellowish features of a pro- 
nounced negroid type” (p. 1034). Since mulatto 
generally refers to half-and-half it seems that ne- 
groid features were dominant. 

Racial stereotypes and racial traits of personality 
abound in Holmes’ cases. In The Stock-Broker’s 
Clerk a Semitic stereotype is manifest. Reference is 
made to a “dark-haired, dark-eyed, black-bearded 
man, with a touch of the sheeny about his nose” 
(p. 419). In The Naval Treaty Watson said of 
Holmes, “He had, when he so willed, the utter im- 
mobility of countenance of a red Indian...” (p. 
532). The Celtic type is a favorite. Francois de 
Villard is said by Holmes to possess “the Celtic 
power of quick intuition” (p. 93). In The Mus- 
grave Ritual the jilted maid, Rachel, who mur- 
dered Brunton, is discussed by Holmes as follows: 
“what smouldering fire of vengeance had suddenly 
sprung into flame in this passionate Celtic woman’s 
soul... ?” (p. 456). It is interesting that earlier 
Musgrave spoke of her “excitable Welsh tempera- 
ment” (p. 447). Also at an earlier time, Holmes 
himself had mentioned to Watson Rachel’s “Welsh 
blood, fiery and passionate” (p. 451). In The 
Hound of the Baskervilles Dr. Mortimer discusses 
and contrasts Sir Charles and Sir Henry. Looking 
at the latter he observes, “‘a glance at our friend 
here reveals the rounded head of the Celt, which 
carries inside it the Celtic enthusiasm and power 
of attachment. Poor Sir Charles’ head was of a very 
rare type, half Gaelic, half Ivernian, in its charac- 
teristics” (p. 818). In The Crooked Man Watson 
speaks of Holmes’ “red-Indian composure which 
had made so many regard him as a machine rather 
than a man” (p. 475). In The Hound of the Bask- 
ervilles Mrs. Stapleton is described by Holmes as 
‘a woman of Spanish blood [who] does not con- 
done such an injury so lightly” (p. 899). In The 
Adventure of the Three Gables Isadora Klein is 
described as “tall, queenly, a perfect figure, a lovely 
mask-like face, with two wonderful Spanish eyes” 
(p. 1216). In The Adventure of the Sussex Vam- 
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pire Mrs. Ferguson is defined as “jealous \ 
the strength of her fiery tropical love” (p. 
This is an example of the stereotype of the | 
ened emotions attributable to a torrid clim; 
The Problem of Thor Bridge Miss Gibson w 
scribed as “a creature of the tropics, a Brazil 
birth” (p. 1246). Miss Dunbar said of her, 
hated me with all the fervour of her tropic: 
ture” (p. 1256). 

Body build and behavior. Just as racial concepts 
and ideology reflected the beliefs of the day, so 


interpretations of behavior based on bodily traits 


There can be no doubt that Holmes leaned heavily 
upon phrenology and_ physiognomic _ patterns 
There is also some evidence that the over-all bod) 
build was a factor in deducing possible behaviora 
traits. The word constitution is used frequently 
but usually in a purely structural or habitus sens 
there is little implication of constitutional “type.” 
Yet Watson’s description of Holmes strongly 

gests definition of the linear type (asthenic, lepto- 
some, ectomorphic) : “In height he was rather ove 
six feet, and so excessively lean that he seemed t 
be considerably taller. His eyes were sharp an 
piercing .. . and his thin, hawk-like nose gave his 
whole expression an air of alertness and decision 
His chin, too, had the prominence and squareness 
which mark the man of determination. His hands 
[had an] extraordinary delicacy of touch .. .” (p 
9). In The Naval Treaty Holmes is described as 
drawing up his knees, as he sat, and closing his fin- 
(p. 517). Con- 
stitution is used in contexts such as the following 


gers around his “long, thin shins” 


“My constitution has not got over the Afghan cam- 
paign yet” (p. 91); “I speak... 
to one for whose constitution he is to some extent 


as a medical ma 


a8 


... his constitution has been 
(p. 236) ; “Even 


answerable” (p. 92 
shattered by his life abroad . . .” 
his [Holmes’| however, had 
broken down under the strain...” (p. 458) ; again 
in 1897, ‘Holmes’ iron constitution showed symp- 
* (p. 1124). It is clear, from 
these quotations, that the term is used synony- 


iron constitution, 


toms of giving way... 


mously with bodily health or well-being. 

There can be no doubt that Holmes equated 
head size, brain size, and a high or vaulted fore- 
head with intelligence and/or unusual n.ental abil- 
ity. In The Man With the Twisted Lip Wat 
asked Holmes how he deduced that a man was 
tellectual. Holmes replied, as he fit a very large h 
belonging to the man in question, well over his 01 
brow (it settled upon the bridge of his nose), “It is 
a matter of cubic capacity .. . a man with so la: 
a brow must have something in it” (p. 279). 

There is a recurrent phrenologic theme 
Holmes’ thinking. In The Musgrave Ritual, Bru 
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very able butler who “speaks several lan- 
is described as having “a splendid fore- 
p. 447). In The Final Problem the arch- 
Professor Moriarty possessed a “forehead 


whi domes out in white curve” (p. 545). Upon 


ig Holmes, a most respected antagonist, 


mappl aS 

oe P, fessor observed, ““You have less frontal de- 
velop: ent than I should have expected” (p. 545). 
=, Adventure of the Empty House Col. 
Moran. the Professor’s right-hand man, is possessed 
Ff “the brow of a philosopher” (p. 570). In The 
PAdveniure of the Priory School Thorneycroft Hux- 
fable, \1.A., is described as having a ‘well-shaped 
head” (p. 628). In the same case the Duke of 


“a high forehead” 
p. 650). In The Adventure of Charles Augustus 
Milverton that gentleman is said to have had ‘a 
large, intellectual forehead” (p. 669). In The Val- 
ey of Fear Inspector Alec MacDonald is described 
is follows: “a great cranium and deep-set, lustrous 
yes spoke . . . of the keen intelligence which twin- 
led out from beneath the bushy eyebrows” (p. 
(08). In The Valley of Fear Brother Morris is 
viven “a kindly face and a good brow” (p. 983 
In The Adventure of the Bruce-Partington Plans 
ve meet Holmes’ brother, Mycroft. Over a rather 
massive body was “perched a head so masterful in 
its brow, so alert in its steel-gray, deep-set eyes, so 
firm in its lips...” (p. 1077). In The Adventure 
f the Dying Detective the murderer, Mr. Culver- 
ion Smith, a methodical and able man, had a “high 
bald head” and “a skull of enormous capacity” (p. 
1102). Every one of the foregoing—be he able 
cholar or be he master criminal—had a large, 
rontal-domed, high-vaulted head. 

On two occasions the reverse was true. Persons 
{ less ability were depicted as literal low-brows. 
In A Study in Scarlet Enoch J. Drebber had a “low 
rehead, blunt nose, and prognathous jaw” (p. 
0). In The Hound of the Baskervilles Selden, the 
scaped criminal, had ‘a beetling forehead” (p. 
VFO}. 

Holmes did not depend upon the forehead alone. 
In A Scandal in Bohemia Count Von Kramm con- 
ealed the upper half of his face with a mask. 
From the lower part of the face he appeared to 
be a man of strong character, with a thick, hang- 
ng lip, and a long straight chin suggestive of reso- 
lution pushed to the length of obstinacy” (p. 181). 

The shape and the size of the nose seem to have 
important in deducing temperament. Holmes 
himself had a “hawk-like nose” (p. 9). In The 
Adventure of the Second Stain, Lord Bellinger, 
Premier, was “high-nosed” (p. 761). In The 
Hound of the Baskervilles Dr. Mortimer had “a 
lone nose like a beak” (p. 786). In The Adventure 
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of the Devil’s Foot Dr. Leon Sternberg, the great 
lion hunter and explorer, was depicted with “a 
hawk-like nose” (p. 1131). In The Adventure of 
the Blanched Soldier Col. Emsworth possessed ‘a 
red-veined nose [which] jutted out like a vulture’s 
beak” (p. 1181). In The Adventure of the Mazarin 
Stone Count Sylvius had ‘ta long curved nose like 
the beak of an eagle” (p. 1197 

Holmes approached a constitutional-type analy- 
sis in A Study in Scarlet when he deduced that the 
murderer must have had “a florid face” (p. 23) or 
was “ruddy-faced” (p. 86). The murder victim 
had not bled, yet there was blood at the scene of 
the crime; ergo, the murderer must have burst a 
vessel in the excitement. It may be conjectured 
that Holmes was familiar with the “Habitus Apo- 
plecticus” of Hippocrates. 

Holmes really went overboard in observing com- 
parative behavior in The Adventure of the Creep- 
ing Man. Indeed he remarked to Watson, “I have 
serious thoughts of writing a small monograph on 
the uses of dogs in the work of the detective” (p. 
1262). He went on to say, “A dog reflects the fam- 
ily life. Whoever saw a frisky dog in a gloomy 
family, or a sad dog in happy one? Snarling people 
have snarling dogs, dangerous people have danger- 
ous dogs. And their passing moods may reflect the 
passing moods of others” (p. 1262 

In The Naval Treaty Holmes deduced person- 
ality from hand-writing. The letter from Ralph 
Phelps was, he said, in a woman’s hand, “‘a woman 
of rare character” (p. 518). He went on speaking 
to Watson: “You see, at the commencement of an 


investigation it is something to know that your 
client is in close contact with someone who, for 
good or evil, has an exceptional nature.” In this 


case the influence was for good—-Annie, the sister 
of Joseph Harrison. 

Holmes was an astute student and observer of 
human nature. His approach was most often that 
of the 
the subjective, the apparently irrelevant detail, the 
total that of the highly 
trained scientific specialist. I suppose we may in- 
voke the old cliché and say to him the personal 
factor was art rather than science. 

Heredity. Holmes was convinced that heredity 
was not only organic, but behavioral as well. Time 


“clinician”—the experienced evaluator of 


picture—rather than 


and again he made deductions or inferences on the 
basis of transmitted traits, usually along family 
lines. 

In The Adventure of the Empty House Holmes 
discussed Col. Moran, a man of undoubted ability 
who had turned to crime. ‘There are some trees, 
Watson, which grow to a certain height, and then 
suddenly develop some unsightly eccentricity. You 
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will see it often in humans. I have a theory that the 
individual represents in his development the whole 
procession of his ancestors, and that such a sudden 
turn to good or evil stands for some strong influ- 
ence which came into the line of his pedigree. The 
person becomes, as it were, the epitome of the his- 
tory of his own family” (p. 573). In The Adven- 
ture of the Copper Beeches Holmes discusses Mrs. 
Rucastle’s child, who alternates “between savage 
fits of passion and gloomy intervals of sulking” (p. 
371). From observing this child, Holmes told Wat- 
son that he learned something about the parents. 
“T have,” he said, “frequently gained my first real 
insight into the character of parents by studying 
their children” (p. 377). Holmes felt in this case 
that the child’s abnormal cruelty derived from “his 
smiling father.” 

In The Hound of the Baskervilles a different ap- 
proach was used. He covered part of the portrait 
of Hugo Baskerville so that facial features were 
emphasized. At once Watson observed that “the 
face of Stapleton had sprung out of the canvas” 
(p. 879). Holmes remarked that “it is an interest- 
ing instance of a throwback, which appears to be 
both physical and spiritual. A study of family por- 
traits is enough to convert a man to the doctrine 
of reincarnation” (p. 879 

The hereditary transmission of more specific 
trait-patterns was accepted by Holmes. In The 
Final Problem he said of Professor Moriarty, ‘‘a 
criminal strain ran in his blood . . . rendered in- 
finitely more dangerous by his extraordinary men- 
tal powers” (p. 544 In The Adventure of the 
Speckled Band Helen Stoner says, “violence of tem- 


per approaching to mania has been hereditary in 
.’ (p. 295). In The Rei- 
gate Puzzle Holmes discusses his deductions made 
‘“T am sure that you can- 


the men of my family. . 


from writing in the case: \ 
not fail to be delighted with the traces of heredity 
shown in the p’s and in the tails of the g’s. The 
absence of the i-dots in the old man’s writing is 
also most characteristic” (p. 473). In The Greek 
Interpreter Holmes and Watson discussed “how 
far any singular gift in an individual was due to 
his ancestry and how far to his own early training” 
(p. 502). Holmes felt that his own special skills 
were “in my veins and may have come with my 
grandmother, who was the sister of Vernet, the 
French artist. Art in the blood is liable to take the 
strangest forms” (p. 502). 

The only morphologic trait discussed in heredi- 
tary terms is the ear. In The Adventures of the 
Cardboard Box Holmes said of Miss S. Cushing, 
“T was curious . to see how far the family ear 
had been reproduced in her” (p. 1054). 

Holmes’ concern with family-line inheritance is 
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in keeping with his emphasis upon the obs 
of external features. To him, apparently, + 
lish tradition of “family” was a certain ¢ 
of the long retention of both physical an: 
ioral patterns. 

Miscellaneous: ear, teeth, fingerprints, ha 
aging. Over and beyond the more gene: 
above presented must be listed certain more spp. 
cific evidence of Holmes’ knowledge of ant! op 
ogy. In The Adventure of the Cardboard Box | 
said, “As a medical man, you are aware, Watso 
that there is no part which varies so much. as ¢| 
human ear. Each ear is as a rule quite distincti 
and differs from all other ones. In last year’s 4) 
thropological Journal you will find two short mo: 
ographs from my pen upon the subject” (p. 1053 
In The Yellow Face Holmes deduced from a pipe. 
stem that the owner had “an excellent set of teeth, 
because the amber was bitten through (pp. 403 
Curiously enough, fingerprints figure prominent 
in only one case, The Adventure of the Norw 
Builder. Oldacre tried to frame MacFarlane | 
putting his thumbprint on a whitewashed wall 
587). Lestrade had already printed the suspect's 
fingers, so a comparative check was made at on 
It is a definite chink in Holmes’ professional arm 
that he so neglected fingerprints. This is to be wor 
dered at, for it was his own countryman, Galto 
who figured prominently in developing the scienc 
of dermatoglyphics. Further, Bertillon had _ tak 
up fingerprint analysis. Holmes knew well of hin 
for in The Naval Treaty Watson referred to t! 
and Holm 


ol t] 


‘Bertillon system of measurements” 
expressed his ‘enthusiastic admiration 
French savant” (p. 
prominently. In The Crooked Man Holmes coi 
plains that the animal (later identified as a mor 
goose) “has not been considerate enough to lea\ 
any of its hair behind it” (p. 480). From this wi 
infer that if hair had been left behind Holme: 
could have used it in deducing the animal repr 
sented by the foot-prints. In The Adventur 
Shoscombe Old Place Holmes was bending ove 
low-power microscope when he asked Watson t 
look in the eyepiece. As he did so Holmes said 
“Those hairs are threads from a tweed coat 
(p. 1299). 

Holmes had only one case which direct! 
volved the nonhuman primates, The Advent: 
the Creeping Man. In this case Professor Pre 
was involved; for some strange reason he | 


532). Hair does not fig 


crawling on all fours; more than that, he cra 
up to his chained dog and teased it unmerci 
In one encounter with Holmes he “grinned 
gibbered . . . in his senseless rage” (p. 1269 
was finally revealed that H. Lowenstein of At 
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ne the Professor a serum to rejuvenate 
the Professor was planning to marry a 

ly many years his junior. In a letter to 
Lowenstein explained the Professor’s re- 
s follows: “It is possible that the serum of 
id would have been better. I have, as I 
| to you, used black-faced langur because 
en was accessible. Langur is, of course, a 
ind climber, while anthropoid walks erect 
n all ways nearer” (p. 1275). The whole 
ared upon an untenable hypothesis—that 
r serum would profoundly modify the Pro- 
behavior and even body physiology! Holmes 


tessol 


aid to Mr. Bennett that, “the dog, of course, was 


aware of the change far more quickly than you. 
His smell would insure that. It was the monkey, not 
the professor, whom Roy attacked, just as it was 
the monkey who teased Roy” (p. 1276). 

In The Adventure of The Speckled Band there 
s another reference to a nonhuman primate, but it 
does not figure directly. Helen Stoner, in speaking 
of her stepfather, said, “He has a passion also for 
Indian animals, which are sent over to him by a 
correspondent, and he has at this moment a chee- 
. (pp 290 

Holmes’ knowledge of the nonhuman primates 
was woefully inadequate. It is true that an anthro- 
poid is semierect on occasion, but its position is 


tah and a baboon. . 


basically quadrupedal, not “erect,” as Lowenstein 
said. The baboon, to which Miss Stoner referred, 
is indigenous to Africa and Arabia, not to India. 
lt may have been, in Holmes’ time, that macaques 
were mistakenly called baboons, but Holmes should 
have caught this error. 

Holmes’ knowledge of bodily manifestations ol 
ige was of considerable use in his case analysis. In 
rhe Sign of the Four he disguised himself as an 
wed man: “His back was bowed, his knees shaky, 
ind his breathing was painfully asthmatic” (p. 
42). In A Study in Scarlet he deduced vigorous 
middle age when he observed, “Well, if a man can 
stride four and a half feet without the smallest ef- 
lort, he can’t be quite in the sere and yellow” (p. 
21). In The Adventure of the Beryl Coronet, a ret- 
rence 1s made to Mary, the niece of Mr. Holder. 
Mr. Holder told Holmes that Mary did not go out 


much. When Holmes said, “That is unusual in a 


: girl,” Mr. Holder replied, “She is of a quiet 
sesides she is not so very young. She is 
ind-twenty” (p. 351). Reference to such an 


“not very young” 


is probably more cultural 
biological. An unmarried young lady of that 
is verging upon the spinster category. In The 
‘e Puzzle Holmes deduced age from hand- 
‘. He spoke to Watson as follows: “You may 
‘ aware that the deduction of a man’s age 
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from his writing is one which has been brought to 
considerable accuracy by experts. In normal cases 
one can place a man in his true decade with toler- 
able confidence. I say normal cases, because ill- 
health and physical weakness reproduce the signs 
of old age, even when the invalid is a youth. In this 
case, looking at the bold, strong hand of the one, 
and the rather broken-backed appearance of the 
other, which still retains its legibility although the 
t’s have begun to lose their crossing, we can say 
that the one was a young man and the other was 
advanced in years without being positively de- 
crepit” p. 470 

Archeology 


There is not much reference to archeology, and 
when it does occur it is only incidental. In The Ad- 
of the Golden Pince-Nez 
Addleton tragedy, and the singular contents of an 
ancient British barrow” (p. 709). In The Hound 
of the Baskervilles Dr. Mortimer is said to have 
been “excavating a barrow at Long Down... .” (p. 


venture we hear of “the 


836). In the same case we hear of Neolithic habi- 
tation sites on the moor (p. 829). In The Adven- 
ture of the Devil’s Foot Holmes says to Watson, 
“Let us walk along the cliffs together and search 
for flint arrows” (p. 1130). Finally, in The Adven- 
ture of the Three note that in the 
room of Nathan Garrideb “there was a cabinet of 


Garride bs, we 


flint instruments. . . . Above was a line of plaste: 


skulls, with such names as ‘Neanderthal,’ ‘Heidel- 


berg,’ ‘Cromagnon’ printed beneath them” (p 


1230 
Ethnography 
srapny 


Ethnography figured quite prominently in many 
cases. Holmes’ knowledge of primitive peoples and 
their cultures was quite extensive. In The Sign of 
the Four the poisoned dart and blowgun of the 
Andamanese was a critical factor in unraveling the 
case (pp. 136-7). Actually, the blowgun was not 
used by the Andamanese. Holmes was in error here, 
even though he did trace the racial origin of the 
dwarfed individual. In The Adventure of the Sus- 
sex Vampire the South American alkaloid poison, 
p. 1229 


Holmes was one of the first detectives to encounte1 


curare, is an important consideration 


this deadly poison as a possible murder agent. In 


the same case he demonstrated a eood eeneral 
knowledge of vampirism. In his files, under “V” 
Holmes mentioned ‘“Vampirism in Hungary” and 
1219 

Australia figured quite prominently in several 
cases. In The Boscombe Valley Mystery the crv of 


is correctly 


Vampirism in Transylvania” (p. 


“Cooee” identified as an Australian 


signal call (p. 239). Likewise, reference to the dy- 
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ing man’s words “a rat” led to “Ballarat,” a town _ tive period of the Sung and the Yuan” (j 
in Australia (p. 240). It seems likely that Holmes In The Musgrave Ritual there is a passi 
had never been to Australia himself, but he did ence to a rite de passage. The ritual its: 
mention other travels. In the 3 years that elapsed Reginald Musgrave, “is a sort of ceremony 
between his “death” at the Falls of Reichenbach — to our family, which each Musgrave for « 
and his reappearance in The Adventure of the past has gone through on his coming of a 
Empty House, he had, he told Watson, “travelled  (p. 449). 
for two years in Tibet visiting Lhassa, and Thus we see that Holmes’ knowledge of | 
spending some days with the head lama.” He also raphy was at least quite diversified: mate: 
told of passing through Persia, looking in at Mecca, ture (blowgun, curare, pottery) ; linguisti 
and “a short but interesting visit to the Khalifa at travel and geography. 
Khartoum.” After that he spent some months in _ 
France “in a research into the coal-tar derivatives Epilog 

. in a laboratory at Montpellier...” (p. 565). Today, with our modern techniques, o1 

In The Adventure of the Devil’s Foot Holmes  cialized knowledge, and our interdisciplinary 
tegration, it is all too easy to sit in the seat o 


displayed a great interest in linguistics. Watson 
Holmes’ knowledge: 


said of him, ““The ancient Cornish language had _ scornful and say that 
also arrested his attention, and he had, I remember, use of anthropology was—to use his own term 

conceived the idea that it was akin to the Chal- “elementary.” Certainly he made “boners” in ost 

dean, and had been largely derived from the Phoe- ology, his knowledge of the infrahuman primates 
necian traders in tin” (p. 1125). Later, as the case was woefully scant, and his failure to use finge: 
was successfully closed, Holmes said, “I think we _ prints in detection was a serious gap in his tech- 
nical skills! ‘These are, I feel, the inadequacies thai 
and not the om. 


may ... go back with a clear conscience to the 
study of those Chaldean roots which are surely to make Holmes, the man, human 


niscient superdetective Watson built him up to bi 
speech” (p. 1142 All in all, let us accept his use of anatomy (includ 

In The Adventure of the Illustrious Client ing “physical anthropology”) as at a pretty hig! 
Holmes instructed Watson to familiarize himself level. Mayhap his monograph on tobacco and 


be traced in the Cornish branch of the great Celtic 


with Chinese pottery. In an intensive 1-day session tobacco use and his essay on bees were more ob- 
at museums and with books Watson “learned of jective and scientific, based, as they were, upot 
the hall-marks of the great artist-decorators, of | personal experimentation and study. Yet, I for one 
the mystery of cyclical dates, the marks of the am willing to recognize in Sherlock Holmes a most 
Hung-wu and the beauties of the Yung-lo, the worthy colleague in anthropology—the science o! 


writing of Tang-ying, and the glories of the primi- man an his behavior! 


Screech Owl with Left Pupil Larger than Right 


The interesting difference in pupil size that can be seen on this month’s cover was 
brought about by shining a flashlight into the right pupil of a young screech owl and 
then taking the picture with a flash that overcame the illumination of the flashlight. 
This shows the ability of owls to change the pupil size very rapidly, which is an accom- 


modation for quick-changing light intensity during night flying. 
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W. F. Berg is in charge of emulsion research at Kodak Ltd., Harrow, England. 
Born in Gottingen in 1908, he received his university training in physics at 
Berlin and at Manchester, England. His research activities have ranged from 
spt x-ray investigations of crystal imperfections to the fluorescence of iodine vapor, 
ry i and since 1936 they have been concentrated on the theory of the photographic 
of the latent image. The following article appeared in the London Times Science 
re and Review and is reprinted here by permission. 
term 
aane HOTOGRAPHY has been practiced in its produces one atom of silver. If photography had 
rumates present form for over 70 years (Fig. 1), and to be based on the print-out process, it would never 
hinger- its mechanism has attracted the attention of have achieved the importance it has today. If we 
s tech. research workers at universities and in industry. In can succeed in capturing events as fleeting as the 
es that spite of all their efforts, the preparation of the flip of the tongue of a chameleon (Fig. 3), it is 
er light-sensitive medium, the photographic emulsion, because of the discovery of the latent image: the 
to b is essentially an empirical matter and improve- fact that a very much briefer exposure to light is 
nclud: ments have come as a result not of predictions by sufficient to register in the emulsion layer as a 
y high the “backroom boys” but of the bottle-from-the- “latent,” invisible image that can be revealed by a 
deve shelf approach. Understanding of the process has mild reducing solution, known as the developer. 
re Ob. invariably followed empirical findings; this, of The developer reduces to metallic silver the 
os ia course, is not meant to lessen the value of the re- whole of the light-struck emulsion crystal—pro- 
aitonss search that has been done, which has led to consid- _ vided it is allowed to act for a sufficiently long time 
— erable refinements and improved control over the developing at the same time only a small frac- 
alia manufacturing processes. tion of the unexposed “fog” crystals. Its use pro- 
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What, then, is the difficulty? Our films, plates, 
or papers are covered with a thin layer of a yel- 
low or white paintlike substance. This is the light- 
sensitive emulsion, which is in reality an exceed- 
ingly fine suspension of microcrystals of silver 
halide (bromide, chloride, iodide, or a mixture) in 
gelatin. The number of crystals per unit area 
reaches astronomical proportions, being some 100 
million per square inch. The crystals are on the 
limit of resolution of the optical microscope and 
yet they are large on the atomic scale. They are 
built of a regular cubic latticework of alternate 
positively charged silver and negatively charged 
halide ions, and the average crystal in a film con- 
tains again about 100 million pairs of these ions 
silver atoms that have lost an electron, and halogen 
atoms that have gained one from a silver atom. 

On exposure to light, these microcrystals darken, 
or “print-out” (Fig. 2, left and middle), as do many 
silver compounds. The light decomposes them into 
metallic silver, which is black because it is very 
fin-ly dispersed, and into molecular halogen. Unde1 
ble conditions, each quantum of light absorbed 
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vides us with an enormous increase in the effective 
sensitivity of the photographic emulsion and also 
with a persistent headache when we try to under- 
stand its action. We possess no chemical or physi- 
cal method of detecting a latent image other than 
that of development. The exposure required to 
produce a latent image cannot possibly affect more 
than 10 or, at most, 100 of the ion pairs in the 
emulsion crystal, and, in the process of detection, 
both the latent image and its parent crystal are 
lost. Furthermore, the crystals cannot, in practice, 
be studied in isolation: their behavior can be as- 
sessed only on a statistical basis. Our problem is 
therefore as difficult as that of a biologist if he had 
to study the problems of life by the investigation 
of dead matter, without being able to see the indi- 
vidual cells. 

The study of the photographic latent image has, 
in fact, many of the fascinations of biology. It is a 
borderline subject, involving physics, chemistry, 
physical chemistry, and that special brand of sci- 
worker as “meta- 


ence labeled by a well-known 


chemistrv.” The behavior of matter at surfaces and 
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PHOTOGRAPHIE 


Nouveau procéde employe pour obtenir des poses oracieuses 
ih 


Fig. 1. Daumier’s sketch of early photography. 


interfaces is often quite different from that in bulk, 
and this opens wide the door to let in highly specu- 
lative thought by the more imaginative workers in 
the field. 

Three fundamental questions arise: What is the 
nature of the latent image? How does it increase 
the rate of development of the exposed crystal? 
How is it formed? Clearly, a division such as this 
is artificial but necessary to organize one’s thoughts. 

Since continued exposure to light produces me- 
tallic silver, the most obvious assumption is that 
the latent image is merely a smaller amount of 
silver. This simple concept, however, met with 
ereat difficulties when the chemical behavior of 
the discoloration produced in silver halide crystals 
(by printing-out) was found to differ considerably 
from that of metallic silver: it was often very much 
less readily attacked by an oxidizing agent. The 
suggestion was made that the latent image might 
consist of an “oxyhaloid,’ an unspecified com- 
pound of silver, halogen, and oxygen; this was 
soon ruled out on purely chemical grounds. A more 
serious suggestion assumed that the latent image 
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was a subhalide, a silver-halogen compound that 
contains less than the usual proportion of haloge: 
as for example, Ag.Br. This compound could neve: 
be isolated, but the existence of the corresponding 
subfluoride made the suggestion plausible. In 

wider sense, present-day concepts of the solid stat 
do allow for subhalides: a silver bromide crystal 
may contain surplus silver in the form of F-centers 
places in the lattice where a halide ion is missing 
its place being taken by an electron. This electron 
together with one of the silver ions in the neighbor 
hood, constitutes an excess silver atom in the crys- 
that silver 


halide crystals normally contain exactly equal num- 


tal. It is indeed now believed unlikely 
bers of both ions. 

The subhalide concept accounted for the ap} 
ent inertness of the print-out silver in silver |hal- 
ides. It was assumed, very naturally, that any such 
silver would be situated on the surface of the « 
tals. We have since learned that a latent image 
also be formed inside the crystals, where it is a¢ 
sible to a developer only if the surface of the ¢ 
tals is first dissolved away, and that we must 
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the rficial latent image reacts chemically, 
wax e finely dispersed metallic silver. 
For ese reasons opposition faded, and the idea 





venerally accepted that a latent image is a 
speck of metallic silver in the surface of 










he ersulsion crystal. This speck is thought to act 
js a catalyst that speeds up the reduction rate of 
the crystal by the developer solution, that offers, 
‘n the broadest general terms, electrons to the silver 
ions. thus turning them into silver atoms, and that 
takes up the halide ions, whose concentration in 
the solution increases as long as development con- 
tinues 

Phe formation of the speck of silver is the most 





interesting puzzle in latent-image theory. From the 
fact that the spectral sensitivity of an emulsion 
conforms accurately to its absorption and from the 
total amount of light absorbed, we are forced to 
conclude that the whole of the crystal collaborates 
in the process. Light is absorbed all through the 
crystal, and yet the silver in the end appears at one 
or, at most, a few places. While we can be sure of 
this only for exposures that are sufficiently heavy 
to produce visible specks, a strong indication that 
the latent image is also in the form of localized 
specks lies in the finding that development always 
begins at a few isolated spots, “development cen- 
ters’ (Fig. 2, right), that enlarge and spread 
through the crystal as development continues. How 
then does the silver migrate through the crystal to 
coagulate at the site of the latent-image speck? 
This question began to intrigue research workers 
some 30 years ago. They first wanted to know what 















it was that caused the silver to coagulate where it 
did. They had found that, in general, the sensitiv- 
ity of emulsion crystals increased with their size. 
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, the pattern probably revealing places of physical imperfection 
lopment, showing the development centers either in the center or along the edges. [Courtesy J. 





This was plausible, assuming that the silver coagu- 
lated, since the larger crystal would absorb more 
light. However, they also found that sensitivity 
varied considerably with crystals of the same size. 
There was clearly a factor connected with the 
preparation of the emulsion that caused a wide 
spread in sensitivity. In his classical work, Shep- 
pard found a clue in the part played by certain 
sulfur compounds in increasing the sensitivity. 
These compounds occur naturally in the gelatins 
from certain animals, like cows, who have a taste 
for spicy herbs, such as mustard. Mustard oil, an 
organic compound containing sulfur, can be dem- 
onstrated to exist in gelatins and to cause a large 
increase in the sensitivity of an emulsion prepared 
in such a gelatin as compared with a control pre- 
pared in an inert gelatin from which all traces of 
sulfur compounds have been removed. As Mees 
once put it, “if cows did not like mustard, we could 
not go to the movies.” We have since learned to 
make gelatins active by adding suitable sulfur com- 
pounds. 

These sulfur compounds, which are charac- 
terized by a C=S double bond, are very strongly 
adsorbed to silver halide surfaces and, on suitable 
heat treatment, break down to silver sulfide in the 
form of localized specks. Since it is a similar gentle 
heat treatment in a solution of gelatin containing 
sulfur compounds that imparts sensitivity to an 
emulsion, Sheppard concluded that here, also, 
minute specks of silver sulfide were formed on the 
crystal surfaces. This conclusion is an extrapola- 
tion rather similar to that which led from the visi- 
ble print-out silver speck to the assumption that 
the latent image was also a silver speck, although 
much smaller. 

The silver sulfide “sensitivity speck” was thought 
to function as a nucleus on which the latent-image 
silver could coagulate, rather as a particle of soot 










(Left and middle) Photographic emulsion crystals at two stages of printing-out. The black spots are metalli 


Emulsion crystals at an early stage of 
H. Tabor and 


Richt 














Fig. 3. Example of high-speed photography taken with 
Dawes Microflash Unit. [Courtesy London Zoological 
Gardens and Kodak Ltd.] 


acts in promoting the precipitation of water to 
form The of the 
speck” proved most fruitful, and it is the basis of 
latent-image theories to this day. Thus, it accounts 
for the preference of the latent image to form on 
the surface of the crystals rather than in their in- 
terior where concentration specks are less likely to 
be formed. 

The concept of the concentration speck has in- 
spired much research, which, while not necessarily 
explaining the fundamental mechanism, has _re- 
duced to some law and order the multitude of 
“photographic effects” that have now been largely 
rounded up and fitted into a few much simpler 
pictures. The basic idea was to regard latent-image 
formation as a condensation or precipitation phe- 


fog. concept “concentration 


nomenon, not worrying about what was condens- 
ing. Condensation naturally occurs first on the 
most efficient nuclei. Hence, the latent image is 
formed first on the surface of the crystals. But if 
the latent image is produced at a high rate by a 
brief exposure at high intensity, many fine particles 
are formed: the latent image now also condenses 
on inefficient nuclei on the surface and in the in- 
terior of the crystals, and, since the particles are 
small, their catalytic effect is reduced and the rate 
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of development is slowed down. Work alo: 
lines is still in progress and has the advant 
its validity does not depend on the corre: 
incorrectness of any assumptions for the 
mental process; furthermore, it provides 

simplified and sounder body of evidence 
theoretician to explain. 

No satisfactory mechanism to account 
movement of the silver atoms through or alk 
surface of silver halide crystals was put forwa 
until 1938. Then Gurney and Mott suggested th; 
two-stage process of coagulation of silver. Th 
pointed out that it was unnecessary to assume t 


he 
movement of silver atoms through the body of th 


crystal, the silver atoms being too large to squeez 
through the spaces between the ions. Instead the 
pointed to two well-known facts that together al. 
lowed the effective transport of atomic silver. Sily 
ions are mobile in the crystal, which can easily | 
demonstrated by placing a pair of electrodes o1 
the crystal and applying an electric potential. Th 
crystal then decomposes, the positively charged si! 
ver ions moving through the lattice, carrying a 
electric current that can be measured. A certait 
number of silver ions are, because of the loca 
movement caused by temperature, thrown out o! 
their normal positions in the crystal lattice int 
spaces where they will fit with a slight distortio 
of the surrounding lattice structure. These out-ol- 
place silver ions can move about more easily th: 
higher the temperature; at sufficiently low tem- 
peratures, they freeze in. This effect is known a: 
ionic conductivity; it will take place in the dar\ 
(Fig. 4, top). If, however, the crystals are exposed 
to light, electrons are released by absorption o! 
light and they can move freely through the crystal 
This second effect is known as photoconductivity 
(Fig. 4, bottom). The electrons are more mobili 
than the silver ions. 

Since a silver atom is an ion plus an electron 
the movement of electrons and ions can equal 4 
movement of silver atoms. Atoms will coagulat 
at a center if the electrons are caught there. Elec- 
tron capture, on this picture, is therefore the func 
tion of the sensitivity speck. Gurney and Mott 
assumed that the electron would occupy a state o! 
lower energy in the silver sulfide crystal than in the 
silver halide crystal, and that, therefore, silver sul- 
fide specks would “trap” electrons. The sensitivity 
speck becomes negatively charged and pulls an) 
loose silver ions toward it. When an ion reac! 
the speck, it combines with the electron and fo 
a silver atom. The speck is then able to trap 
other electron, so that the process repeats it 
until the speck grows to a size sufficient to ind 
development (Fig. 5). 
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Fig. 4. Diagrammatic representations of ionic conductivity 

top) and photoconductivity (bottom). [From J. Phot 
Science 1, 4 (1953)] 


lhis mechanism provided a picture that for the 
first time held out hope of accounting for all our 
experiences. In particular, it explained the great 
changes in the sensitivity of photographic emul- 
sions with temperature and occasioned an out- 
burst in research activity, the result of which ap- 
peared to prove the consistency of the picture, even 
if direct proof of its basic assumption, the trapping 
of electrons by the sensitivity speck, was not pos- 
sible. 

he picture was not complete, however. It “tells 
is all about the hero, but nothing about the hero- 
ine,” the hero here being the silver, the heroine the 
halogen. The electron whose release by light and 
movement through the crystal constitutes photo- 
conduction originates from a halide ion, which, by 
absorption of light, is changed to a halogen atom. 
Silver and halogen atoms are thus counterparts. If 
they were to meet again, they would recombine to 
lorm silver halide, since there would be no more 
lree silver, and no latent image would be formed. 
Clearly, our picture of the photographic process is 
incomplete unless we can account for the move- 
ment of the halogen and ensure that it is safely out 
ol the way so that it cannot attack the latent image. 
he role of the halogen atoms was overlooked 
many years. In order to transport them through 
the crystal, physical movement of the atoms is not 
uccessary. A halogen atom can move by one lattice 
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distance if an electron from a neighboring halide 
ion moves over to the halogen atom: by this sim- 
ple electron transfer, the atom and ion change 
places. Since only the movement of electrons is in- 
volved, a halogen atom is, in effect, highly mobile; 
it behaves like a positively charged electron and is 
therefore, in the jargon of solid-state physics, de- 
scribed as a defect electron, or “positive hole.” A 
halogen atom would far outpace the relatively 
sluggish silver ion in a race toward the negatively 
charged sensitivity speck unless a mechanism ex- 
isted that would take care of it in some other way. 

Earlier pictures skated around the problem by 
suggesting, for example, that the halogen would 
combine with the gelatin surrounding the emulsion 
crystals or would be taken up by the water left in 
the emulsion layer. We now feel that this is not 
adequate and that it does not account for the facts 
of chemical sensitization. 

In recent years, an increasing number of papers 
have been published on chemical sensitization, by 
which we mean the result of the treatment given 
to a photographic emulsion in order to increase 
its sensitivity to light other than by increasing the 
size of the sensitive crystals. Chemical sensitization 
was once part of the secret armory of the emulsion- 
maker, hidden behind a “silver curtain,” since 
most of his methods could not be patented, and it 
formed the know-how on which any one manufac- 


turer’s success was based. All this has altered as 
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Gurney and Mott. The circles (0 
electrons, the hatched speck on the 
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[From J. Phot. Science 1, 4 


latent image. 









the result of the publication after World War II 
(1) of many of the manufacturing methods of the 
German factories. Many previously secret proce- 
dures are now general knowledge, and this has 
made it possible and profitable to subject chemical 
sensitization to closer academic study and to pub- 
lish the results. 

From a technologic point of view, the most im- 
portant recent advance is said to have resulted 
from sensitization by noble metals, such as gold; a 
doubling of the sensitivity for the same average 
size of the emulsion crystals is claimed. Another 
technologically less important method that has 
only recently been clearly recognized utilizes cer- 
tain reducing agents and cannot be imagined to 
produce anything but silver, although the chemical 
reactions of the result of the sensitizing treatment 
are not quite identical with those of the latent 
image. Yet another kind of sensitization is brought 
about by mere contact of silver halide with inert 
gelatin; although discovered some 60 years ago, it 
was not studied until recently. This again had not 
been recognized earlier, presumably because gela- 
tin is an essential ingredient of the emulsion. To- 
gether with sulfur sensitizing, there are thus at least 
four distinct kinds of chemical sensitization. 

Our knowledge is insufficient to enable us to 
understand the mechanism of the various methods 
of sensitization, but it is clear that the study of 
latent-image formation and chemical sensitization 
must go hand in hand. Thus, recent work in this 
field tends to regard these two aspects as a single 
problem. 

In principle, there are three distinct ways in 
which a chemical sensitizer can improve the sen- 
sitivity of a silver halide crystal, although to add to 
our complications, it is quite possible that any one 
sensitizer might fulfill more than one of these func- 
tions. First, it could enable a small latent-image 
speck to induce development, where previously a 
larger speck was necessary. This, according to our 
best guess, is the function of sensitization by noble 
metals and perhaps sometimes by sulfur com- 
pounds. Second, it could form a more efficient 
nucleus for coagulation of the latent-image silver, 
thus producing a single large latent-image speck 


in place of a number of smaller ones. And _ third, 


the sensitizer might be an effective acceptor of 
halogen atoms; a clear field would thus be left for 
the silver atoms, and the photochemical efficiency 
of the photographic process would be genuinely 
increased. 

An analysis of the current publications on chem- 
ical sensitization would take us too far and would 
probably be confusing. However, one idea keeps 
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recurring with increasing frequency: that ch: nical 
sensitization is in the main concerned with hi ogey 
acceptance in a form that eliminates the produc. 
tion of free halogen, at least in the early sta 
latent-image formation. 

Reduction sensitizing is clearly a way of produe. 
ing a silver halide crystal containing an over-all 
surplus of metallic silver. It is possible to regard 
the formation of silver sulfide in a similar light: jt 
may be incorporated into the crystals in such q 
way as to represent effectively a surplus of silver 
In these systems, then, exposure to light would, in 
its first stages, merely cause the surplus silver to by 
rearranged to produce the latent image; the sur 
plus silver would constitute the most effective kind 
of halogen acceptor since it is present in or on th 
crystal where it is wanted most. Too great a sur. 
plus would produce silver specks akin to the latent 
image. The crystals would develop without expo- 
sure, constituting the chemical fog or veil only too 
well known by the emulsion-maker to result fron 
oversensitizing the emulsion. 

Attention has also been drawn to the light sensi- 
tivity of the surface complex of gelatin, silver ions 
and hydroxyl ions; a latent image is formed in this 
again without the release of halogen. In a mediun 
with a large surface per unit mass, such as an emul- 
sion, the behavior of the surfaces is likely to prov 
to be the key to the problem. 

Apart from the chemical sensitizers, the surfac 
of an emulsion crystal is densely populated by 
numerous chemicals introduced to improve. thi 
emulsion. The most important class is the sensitiz 
ing dyes that extend the spectral region of absor} 
tion and sensitivity of the emulsion to longer wave- 
lengths. Recent work has revealed a lively competi- 
tion between all these agents for the crystal sur- 


Fig. 6. (Left) Development centers on the surface « 
grain of silica sensitized with silver and hydroxyl 
(Right) A photographic emulsion crystal. [Courtesy I 
Loening and Kodak Ltd.]. 
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Fig. 7. (Left) Photomicrograph of the surface of a silver bromide crystal prepared from the melt, sensitized by 
evaporating a layer of gold on it, and developed. The top half is unexposed; the big black specks are developed 


“foo” silver. (Right) Print-out silver deposited in the 
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faces, almost like plants fighting for a place in the 

It has become clear that the complete photo- 
sraphic emulsion is too complicated a system for 
research and that a fresh experimental approach is 
wanted. The emulsion must be taken to pieces, the 
pieces studied separately, and then put together 
again for further study if we are ever to under- 
stand its behavior in the detail now desired. ‘Thus, 
silver halide crystals have been investigated in the 
form of a sol, that is, a fine, very dilute suspension 
without a protective colloid, such as gelatin. The 
behavior of silver ions adsorbed to chemically inac- 
tive surfaces, such as silica (Fig. 6), has been found 
to be strikingly similar to that of photographic 
emulsions: in particular, surface complexes of sil- 
ver with hydroxyl ions increase the sensitivity in 
both systems. This and the silver-ion-gelatin com- 
ination are light-sensitive systems of which we 
know little: the mechanism for the formation of a 
latent image in them is likely to be an involved and 
intriguing problem. 

\nother new experimental method is the study, 
by emulsion standards, of very large crystals oi 


silver bromide that have been grown from the melt. 
Suitable heat treatment of such crystals produces 
specimens that behave in many respects like a pho- 
tographic emulsion and that may be chemically 
Fig. 7, left 


tized by all the known methods 


March 1955 





gaps between neighboring perfect regions of silver bromide 
prepared from the melt and then annealed. [Courtesy J. M. Hedges and J. W. Mitchell, University of Bristol, 






hey have provided the most striking demonstra- 
tion of the free mobility of bromine atoms and of 
that kind of chemical sensitization that is con- 
cerned with halogen acceptance: without a suit- 


able 


superficial latent image. One of the most important 


sensitizer, such crystals do not produce a 
findings from the work on single crystals was the 
part played by physical imperfections of the struc- 
ture. The periect crystal appears to be prac tically 
insensitive to light; imperfections are necessary to 
allow a latent image to be formed. Considerable 
importance is attached to the higher chemical re- 
activity of the imperfect regions of the crystal. 

In conclusion, reference must be made to one ol 
the most thrilling findings in this single-crystal 
work that is connected not so much with photogra- 
phy as with the solid state. For years, in order to 
account for the low physical strength of certain 
crystals, the theoretical physicist has used the pic- 
ture of the dislocation, a misfit of two neighboring 
planes of a single crystal, whereby one plane con- 
tains one more row of atoms or ions than the next 
one. Heat treatment causes these dislocations to 
run toward the crystal boundaries, leaving the crys- 
tal in more perfect condition and the boundaries 
rather more heavily disturbed: a single crystal con 
taining dislocations will subdivide to form a sub 


are slightly mis 


structure, the fragments of which 


aligned with respect to one another. 









Exposing a crystal to light causes print-out sil- around the corner. The suggestions mentior 
ver to be deposited in the resulting gaps between to be regarded as working hypotheses rath 
the perfect regions, thus providing very beautiful as mechanisms to be placed as accepted 
and direct evidence for the dislocation picture dents’ textbooks, and they appear to fulfil 
(Fig. 7, right). Here we have a striking instance functions well, judging by the intensity of 1 
of research in one field giving most rewarding re- work at present in progress. 


sults in another. 
If we have to leave our problem with a large 
question mark, it is not without hope that a more In BIOS (British Intelligence Objective Su 
. mittee) and FIAT [Field Information Agency 
coherent and simpler account may perhaps be nical) ] reports. 
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The Prisoner 


Searching, seeking, plumbing down 
That luring, labyrinthian well, 

You cast aside your cap and gown 
And rake afire the coals of hell. 
For knowledge of that awful place 
And mingled scenes of fairer stance 
Comprise the gamut you embrace 


And limit you with circumstance. 


Fettered, blinded, hypnotized 

$y wonders deep and vague and real, 
You seek an answer, cauterized, 

And tamper with Pandora’s seal. 
Within that whirling mass of light 
Your mind is pressed to overflow 

To find the Truth in such a night 
When all you know is what you know 


Thinking, writing, speaking out, 
With words metallic at their best, 
You clamor, scoffing in your shout, 
There is no home or place to rest 
Except this all engulfing wave 
Which washes not on foreign land, 
And washing not, from out its cave 


Denies the pebbles in the sand. 


GrorceE K. Estox 
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Mrs. Morgan, a psychologist with Aptitude Associates Incorporated in Merri- 
field, Virginia, received her training at Somerville College, University of Oxford 


and at the University of London, where she specialized in educational psychol- 
ogy. In 1941-42 she traveled in the United States as Walter Hines Page scholar, 


and lectured on British educational problems in wartime. On her 


return to 


England she worked for the Ministry of Information and later served as assistant 
principal in the India Office, where she conducted research studies on the social 
and educational problems of India. She is now a U.S. citizen and is engaged ‘n 


HE purpose of this paper (/) is to point 
out the need for more effective measures 
for the identification and guidance of gifted 

children at early ages in the public elementary 

schools, and to outline a tentative plan to meet 
this need. 

It 

le national asset 

words of Agnes Meyer, they form 
reservoir of human talents, capacities and_ skills” 


s axiomatic that gifted children are a valu- 
possibly the most valuable one 


In the “a huge 


lhe first systematic plan for the identification 
ind guidance of gifted children was put forward 
2550 years ago by Plato. He proposed that the 
rs of the nation be selected by a series of 
tests, both academic and situational, beginning in 
£13C ff.). Only children who 


passed these tests were to be admitted to the higher 


early childhood (3, 


mathematics and dialectics. He wrote 


}, 413D-E): 


studies of 


We must watch them from their earliest child- 


iod. We must select those who are tenacious of 
memory and hard to deceive. The others we must 
reject. ... We must impose upon them, too, labors 
nd vexations and contests ... testing them mort 


‘orously than gold is tested in the fire. 


lhe children who performed well on these tests 
were to be chosen for higher education. Plato was 
far ahead of his time in insisting that exactly the 
education and the same tests be given to 
both sexes, although he considered that the aver- 


sane 


ice performance of girls was certain to be in- 
lerior in all respects to that of boys (3, 451D 
f Unfortunately Plato’s proposals were never 
put into effect. 

in the succeeding centuries gifted children were 
identified chiefly on the basis of academic achieve- 


rch 


clinical and research studies of gifted children. 





ment, which taken alone is an unreliable index of 
talent. The younger William Pitt, for example, was 
something of a prodigy, but Winston Churchill 
was considered a slow learner in school. Situation 
tests, 
the English public schools, in the guise of sports. 


of a certain kind, have long been in use in 


School sports, in English schools, are essentially a 
series of situation tests. Every pupil has to take 
part in them, and the object is not to entertain 
but to reveal and foster qualities of leadership 
Phe Duke of Wellington is purported to have said 
that the Battle of Waterloo was won on the play- 
ing fields of Eton. Belief in the value of this type 
of situation test has become firmly entrenched in 
the English public and preparatory schools, largely 
because of the work of Thomas Arnold of Rugby 
in the early 19th century. In the United States, so 
far as I know. no large-scale attempt has been 
made to introduce situation tests to identify leader- 
ship potential in the early years of life. There is 
scope for investigation along these lines. 

research on gifted children during 
10 years the United States has been out 


In scientific 
the last 
standing. Foremost, of course, is the great contri- 
bution made by Terman and his associates both in 
the standardization of the Binet mental tests (4, 5 
and in the follow-up studies of 1500 children who 
tests (6-8 Others 
added to our knowledge in this field. but there is 


scored high on these have 
still a wide gap between this scientific knowledge 
and its application. Many gifted children are not 
identified at all, or identified too late, or identified 


but not given effective guidance. 


Geographic Distribution 


that identification and guidance of 


the gifted are inadequate may be gained from an 


Evidenc e 
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statistics on the winners in the 
annual national Science Talent Search the 
Westinghouse Science scholarships for the 13 years 
in which the search has been in operation (9) 
The Science Talent Search (STS) is open to all 
secondary-school seniors, and each year 
ners are chosen; thus in the last 13 years there 
have been altogether 520 winners. This means that 


examination of 
for 


40 win- 


520 gifted young people have received effective 
vuidance toward scientific achievement. Guidance, 
of course, If effective 
measures for the identification and guidance of the 


presupposes identification. 
gifted were evenly distributed throughout the na- 
tion, we should expect that the number of winners 
from each state would be proportionate to that 
state’s population. This is not, in fact, the case. 

In 18 states the difference between the number 
of winners expected on a population basis and the 
number of 100 
This list excludes states with a population 


actual winners exceeds 


10 


of less than 1 million, where chance factors play 


per ent 


too large a part in the calculations. Two of the 
18 states, New York and Oregon, have more than 
double the number of winners expected. For New 
York the expected number of winners is 43, the 
actual number 190. For Oregon the expected 
number is 6, the actual number 13. 

In the other 16 states, the number of winners is 
less than half of expectation. These states are Ala- 
bama, Arkansas, North Carolina, South Carolina. 
Kentucky, 


Mississippi, 


Florida, Georgia, Iowa. Louisiana, 


Maryland, Michigan, 


Texas, Virginia, and Washington. Michigan, for 


Tennessee. 


instance, has three winners, with 20 expected. It 
might be thought that in these 16 states there has 
been less active interest in Science Talent Searches. 
but this is not true. Nine of these 16 states hold 
annual state science talent searches of their own. 
the entries in the national STS (//). 
Neither New York nor Oregon, states that exceed 
expectation by more than 100 percent, hold STS’s 
of their own. The low proportion of winners can- 


based on 


not, therefore, be caused by lack of interest in the 
5.5. 

A detailed examination of the lists of winners 
260 year) in the 
national STS will reveal differences among areas 


and honorable mentions per 
within a state. For example, in New York, 50 of 
the 190 national winners, or 28 percent, came from 
four high schools in the City of New York area 
(/2). Again, in Virginia, of the 26 honorable men- 
tions obtained during the last 5 years, nine, more 
than one-third, came from a single high school 
13). 

These figures show that measures to identify and 
guide gifted children are very unevenly distrib- 
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uted. For instance, a gifted child living 
York is 29 times as likely to become a wi: 
the national STS as a gifted child living in 
gan. What are some of these measures, 
what assumptions are they based? 


Present Status of Gifted Children 


The great majority of special provisio 
cifted children are to be found at the high 
level. In high schools, potential tends to be e 
with achievement. Some gifted students who hay 
failed to achieve success in school may escap¢ 
tification altogether. But even those who are ide 
tified as gifted in high school may have been iden 
tified too late because, through lack of guidan 
they failed to use the earlier years to the best ad 
vantage. It is widely held that, to be most effectiy 
indentification should take place and guidan 
begin, at the latest, in the elementary school (/4 
p. 16). 

What is the status of gifted children in th 
mentary school? Broadly speaking, there are thr 
methods of dealing with them: homogencous 
grouping, enrichment, and acceleration. 

Homogeneous grouping. Homogeneous groupin 


] 


Valu 
7 
la 


is widely regarded as the best solution. Its 
was demonstrated by Leta Hollingworth’s cl 
experiments in the city schools of New York (/5 
Homogeneous grouping has been recommended by 
the Educational Policies Commission of the Na 
tional Education Association (/6). Its advantages 
have been ably set forth by Hildreth, Brumbaug! 
and Wilson in their report of the work of th 
Hunter College Elementary School for Gifted 
Children (/4, 17). The Hunter College scho 
selects its pupils on the basis of an individual 
telligence examination, the Stanford-Binet, admiu 
istered to all applicants for admission. Its pupils 
range in age from 3 to 11 years. The advantage o! 
this system of selection is that it provides incen 
tive for early identification. A limitation of th 
system is that it misses the children whose abilities 
have not already been discerned by others. Jt ha/ 
pens more often than is commonly supposed 
parents and teachers fail to realize that a chil 
cifted. 

Another system 
used in the Astoria and Corvallis districts in Ore- 
gon (18, 19). Pupils in the fourth and fifth graces 
group intelligence tests, school 


of homogeneous grouping 


are screened by 
achievement tests, and teachers’ ratings. Pupils w! 
score high are tested individually; and, on the b 
of the individual tests and conferences betw 
parents and school officials, certain children 

grouped together in a special class. ‘This is a p 
program, and it is too early to comment on 
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(he system of selection is, however, open 
bjections: (i) it delays identification until 
th or fifth grade; and (ii) children selected 
not only intellectually superior but edu- 
ly advanced. Here, as in high schools, po- 
s defined in terms of achievement. 
N York and Oregon are not, of course, the 
nly tates in which there are special classes fot 
ifte. children in the elementary schools. Such 
cl; are found, for example, in Cleveland (20) 
nd los Angeles (27). A different approach to 
homogeneous grouping is found in the Havighurst 
Community Project in Chicago where the resources 
of the entire community are mobilized to meet the 
needs of all exceptional children (22). It is doubt- 
however, whether this particular approach 
would be as successful in communities with a larger 
proportion of transients and a greater variation in 
educational level. 

Ihe advantages of homogeneous grouping of 
sifted children have been amply demonstrated. 
But for a great number of school systems this is 
out of the question. Homogeneous grouping is pos- 
sible only in heavily populated areas. In areas of 
more scattered population the problem of provid- 
ing transportation is too great. Except in large 
ities and their environs, therefore, the needs of 
sifted children must be met by either enrichment 
or acceleration. 

Enrichment. The term enrichment is used here 
to mean the provision of additional work for gifted 
pupils by the regular teacher in the regular class- 
room. This is the sense in which the term is most 
widely used. Certain school systems, however, in 
which there are special classes for the gifted, refer 
to the program of study offered to these special 
classes as “enrichment of the curriculum” (25, 24 
(his has led to confusion because enrichment in 
the latter sense is one aspect of homogeneous group- 
ing, not an alternative to it. 

lheoretical considerations in regard to enrich- 
ment have been discussed by Hildreth, Brumbaugh, 
and Wilson (/4, p. 58). Here it is enouch to point 
out the practical difficulties of enrichment at the 
elementary level. In a high-school class, even a 
large one, it may be possible to carry out a useful 
enrichment program for certain subjects, as has 
been shown by Jewett (25). But, as Witty and 
Bloom have pointed out (26), in an elementary- 
school class of from 30 to 40 pupils of widely vary- 
ing degrees of ability the teacher simply does not 
have enough time. All too often it is merely a 
matter of trumping up extra tasks to keep the 
bright child busy while the harassed teacher strug- 

s with a group of slow readers. As a result, 
silted children tend to develop poor study habits 
| even to become behavior problems. 
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Acceleration. ‘There remains the third method, 
acceleration. It was used somewhat  indiscrimi- 
nately in the 1920’s, sometimes with unfortunate 
results, and in consequence has suffered from what 
Pressey terms “the maladjustment bugaboo” (27). 
But acceleration is administratively simple. It 
raises no problems of space or transportation. It 
puts no extra burden on the teacher. Careful stud- 
ies of the results of acceleration have been made 
by Keys (28), by Terman (8, p. 264), and by 
Pressey (27). All reach the same conclusion: ac- 
celeration of one or two grades is highly desirable 
for the majority of gifted children but must take 
place on an individual basis, after a careful study 
of the intellectual, social, and emotional factors. 
These conclusions are supported by the studies of 
Witty and Bloom (26) and of Wilson (29). Keys 


considers that, when all other factors favor accel- 


eration, physical development is not of paramount 
importance (28). Pressey, in particular, empha- 
sizes the need for continued guidance of the gifted 
child and for early identification (27). He consid- 
ers that entrance to school should be on the basis 
of total maturity rather than chronological age. 
The Educational Policies Commission of the Na- 
tional Education Association has accepted these 
conclusions so far as to recommend acceleration in 
suitable cases where homogeneous grouping is not 
possible (/6 

Conclusions. ‘Vhe foregoing considerations point 
to the conclusions that (1) in many school systems 
the needs of gifted children are 
provisions should be made for 


not being ade- 
quately met; (il 
such children in the elementary schools; (111) in 
the elementary schools, homogeneous grouping or 
acceleration is preferable to enrichment; and (iv) 
each gifted child should be studied individually 
before a decision is reached on the best method of 
providing for his or her needs. 
Tentative Plan 

A positive program that would embody these 
findings is needed. Such a program must be com- 
prehensive; it must include all gifted children in 
the state. It must be flexible, so that 1t can be car- 
ried out in many different types of school. It must 
be simple and relatively inexpensive. It must not 
call for radical innovations in the existing admin- 
istrative framework. And last, it must provide for 
close cooperation between psychologists and edu- 
cators, to insure the most effective planning for 
each child. 


The first step in such a program would be early 


identification. A group test of intelligence would 
be given to all children in the first grade and also 
to older children on their entry into the school sys- 
tem. All children exhibiting an IQ of 130 or higher 





on this test would be given the Stanford-Binet 
Scale. To allow for chance variations on group 
tests, the Stanford-Binet would alsc be given to 
any child scoring below 130 on the group test 
whose teacher considered him or her to be of out- 
standing ability. The great advantages of identifi- 
cation in the first grade are (i) the earlier the 
guidance, the more effective, and (ii) the teacher’s 
estimate is less likely to be affected by considera- 
tions of achievement. Every child with an IQ of 
140 or higher on the Stanford-Binet would be clas- 
sified as “gifted,” or “talented,” or “advanced,” 
or whatever term might be preferred. 

Each gifted child would then be given a com- 
prehensive individual psychological examination, 
in addition to the Binet. At first, tests and pro- 
cedures employed in the examination would be 
selected from those already standardized and in 
current use, but as soon as the plan was working 
smoothly situation tests of various kinds would be 
introduced. Some might be adapted from the situa- 
tion tests developed by the British in World War IT. 

On completion of the examination, a discussion 
would be held with the parents and a decision 
reached regarding the child’s placement. Unless 
there were strong contraindications, the child 
would be either placed in a special class or accel- 
erated. A central registry would be kept at state 
headquarters of all gifted children, containing 
names, ages, school data, and psychological find- 


ings. The progress of each child would be period- 


ically reviewed in conferences between parents and 
school officials. 

A program of this nature has the advantage 
that it could be carried out within the framework 
of the existing school system. In certain instances. 
additional psychologists and administrative and 
clerical workers would have to be hired. The ef- 
fort and expense involved would be small in com- 
parison with the benefits that would ensue, both to 
the individual children and the state. 
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| is the purpose of this article to describe some 
of the new ideas that have been introduced 
into the theory of molecular structure within 
drawn 







rect years. These ideas have been 
from physics, where they have been singularly suc- 
cessful in correlating the properties of atoms. ‘The 
scope of the theory has been widened so that the 
physical and chemical properties of both atoms 
ind molecules can be explained by the same unify- 
ing hypotheses. As the range of “explanation” of 
the facts of nature extends, the more mysterious 


become the properies to be ascribed to the ultimate 


nt 










particles of which matter is composed. 





In the progress of science there are two processes 





it work. In the one there is the steady accumula- 
tion of factual knowledge, and in the other there 
san attempt to interpret the facts in terms of uni- 
iving principles. It is the interplay of theory and 
experiment which leads to the most important ad- 







vances, for often the interpretation of one sort o! 





fact leads to the prediction of new results. “Thx 
| 





most Impressive advances are produced when gen- 





eral hypotheses are put forward which bring differ- 





ent branches of science within the same comprehen- 





sive scheme. 





(here has been no more striking example ot 
this than the recent unification of atomic physics 
and chemistry. When the British Association last 
met in Oxford in 1926, there seemed little relation 
between the subjects discussed in the section of 







physics and those discussed in the section of chem- 





istry. The presidential address in the one dealt with 





the properties of atoms in absorbing and emitting 
light; that in the other, with the scope of organic 
chemistry. It did not seem possible at the time that 
both domains of knowledge 
within the same theoretical framework. Yet even 
during the Oxford meeting there were rumors of a 
new theory of the atom which was said to be bril- 
liantly original. We did not know then that this 
new theory was to let in a flood of light on the be- 








might soon come 
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New Ideas in Chemistry 


JOHN LENNARD-JONES 
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havior of molecules and ilumine much that was 
obscure in the world of chemistry. 


Orbit Theory of Atoms 


In 1926 electrons in atoms were pictured as rotat- 
ing in orbits around a central nucleus like a solar 
system. ‘To fit the known properties of atoms it had 
been found necessary as well to assume that elec- 
trons had a magnetic moment. They were said to 
have spin and the axis of spin could set itself alone 
or opposed to any applied field. The spin had thus 
two possibilities only. 

On this 
great importance to the chemist by suggesting how 


basis Bohr had made an advance ol 


the electrons in atoms should be assigned to the 
that their 
The striking achievement of 


available orbits so chemical behavior 
might be explained. 
this theory was to provide an understanding of th 
ol 


chemists to the same groups in the periodic table 


similarities in the behavior itoms assigned by 
The Bohr theory was greatly simplified by Pauli 
when in 1925 he proposed an important new prop 
erty of electrons in matter. According to this, only 
two electrons in an atom can follow the same orbit. 
and of these one must have one kind of spin and 
the other the opposite spin. In other words, no two 
electrons in an atom can simultaneously have the 
same spin and occupy the same orbit. 

The full significance of Pauli’s hypothesis, now 
universally called the exclusion principle, was not 
fully realized when it was first announced. Its main 
purpose was to simplify the Bohr description of 
atoms or to suggest simple rules by which the sam« 
results could be achieved. But it has since become 
clear that it is of wide validity. It applies not only 
to atoms but also to the totality of electrons in a 
molecule, however many atoms that molecule may 
contain. Although first put forward as a guiding 
hypothesis in physics, it has become the corner- 
stone of chemistry. However complex a molecule 
may be, however large the number of electrons it 
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may contain, there seems to be an ‘“‘awareness” by 
each electron of what all the others are doing and 
a strict adherence to the rule that no two must play 
the same role at the same time. 

No theoretical proof has been given of this ex- 
clusion principle. It is injected into current theories 
as a working rule. It represents some deep prop- 
erty of electrons, and indeed of all matter, which 
is not understood. It implies an intimate intercon- 
nection between the constituent parts of molecules 
and between one molecule and another. The prin- 
ciple suggests that there is a connecting strand run- 
ning through the material universe, so that strictly 
no part can be isolated—except in an idealized 
sense—from the rest. There are always influences 
at work conditioning the behavior and _ properties 
of the part and connecting it with its environment. 
These influences are more subtle than forces of re- 
pulsion or attraction such as exist between electric 
charges of like or unlike kind. These latter are of 
short range and cease to be effective beyond lengths 
of atomic dimensions, which are_ infinitesimally 
small. But the exclusion principle applies to all the 
electrons of a long threadlike molecule or a long 
strip of metal, so that each is influencing the be- 
havior of the rest over distances that are millions 
of times greater than the sizes of the atoms which 
the metal contains. There seems here to be some 
aspect of nature of great philosophic content be- 
yond the understanding of the physicist. He must 
be content to accept the implications without hop- 
ing to penetrate the mystery that is implied. 


New Ideas 

The Bohr atomic theory made clear the signifi- 
cance of complete shells of electrons in atoms and 
explained the tendency of some atoms to lose one 
or two of their outer electrons and of others as 
easily to assimilate them. Thus the type of bond 
known as the electrovalent link became understood 
in terms of the inner structure of atoms. Physics 
had successfully invaded the realm of chemistry. 
But the penetration was incomplete. The theory 
gave no indication why atoms of the same kind 
should combine, and so the whole field of organic 
chemistry was left untouched. It was the new the- 
ory of the atom that opened the way. 

Stimulated by de Broglie’s suggestion in 1924 
that electrons, indeed that all matter, have wave 
properties, Schrédinger developed what has now 
become known as wave mechanics. This is to be 
regarded as a generalization of Newtonian mechan- 
ics, for it leads to Newton’s laws when applied to 
heavy particles. There cannot be said to be a proof 
of the wave equation, for it was obtained by anal- 
ogy, and its justification rests only on its success. 
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The wave equation must be accepted as a 
of belief or a fundamental postulate. It 
some strange ideas and some processes of | leylp. 
tion which cannot in detail be understooc Th, 
the solution of the wave equation for any }) oble; 


is expressed as a function of the coordinate 


system and of the time, usually denoted b 

this function is merely a means to an end. | 
possible to give to it any simple interpreta 
terms of observables. It is to be looked upon 

like a ghost that produces material manifes 

One simple connecting link between Wy and 
vation is that for a given system the squar 
amplitude of y, for a particular set of coordinate: 
gives the probability that a system has a particulay 
configuration, specified by its coordinates. Rules 
have been devised whereby the probable values , 
dynamical quantities can be derived from y, an 
so the theory can be tested by comparison with e 
periment. In particular, the theory leads to a s 
of stationary states with definite energy values fo; 
atomic and molecular systems. 

The wave theory of atoms was the first new i: 
portant idea since the Bohr theory to prove of in 
portance to chemistry. It was found possible to us 
with it the idea of electron spin and the exclusior 
principle as well. But the new theory brought other 
ideas in its train. 

So far as we know, electrons are indistinguish 
able from one another. An interchange of any tw 
in a molecule does not produce an observab! 
change. This means that the probability distribu 
tion function of y° must remain unchanged wher 
the coordinates of any two electrons (with regard 
to both space and spin) are interchanged. ‘This 
places a restriction of vital importance on the fun 
tion y. Either it must itself remain unchanged or it 
must change sign. 

It is now necessary to distinguish between thes 
two possibilities. The exclusion principle provides 
the answer. It has been found that if the exclusior 
principle is to apply to the system as well, the 
wave function must change sign when any two elec- 
trons are interchanged. One consequence of adopt- 
ing this form of wave function is that the possibility 
of finding two electrons with the same spin at the 
same point of space is completely excluded. ‘Th: 
importance of this to chemistry will appear pres- 
ently. 

It was not long before the new ideas were intro- 
duced into chemistry. In 1927 Heitler and London 
made the first application of these novel methods 
to the structure of a molecule and showed that the 
theory successfully accounted for the attraction ol 
two hydrogen atoms for each other. It is true t)at 
the calculated value of the energy of formation of 
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@l. article HB jhe hy ogen molecule differed considerably from molecule, accurately without having recourse to 
CC ivolves HE the ved value, but it was of the right order the idea of superposition of different conceivable 
ot leuk. HE of m tude, and it was evident that for the first configurations, ionic as well as covalent. Nor does 


0c. Thus time was a promising start toward an under- the method make clear why it should be necessary 


Y }oblen sand! of a covalent bond. The method of calcu- to superimpose different electronic structures. It 
tes of th lation sed by Heitler and London was similar to would be helpful if some understanding could be 
by ¥, but that a.ceady used by Heisenberg in dealing with gained of the influences at work in molecules to 
- Te is not the structure of another two-electron system, the produce properties which seem sometimes to corre- 
tation in heliur: atom. The secret of success lay in construct- spond to one kind of structure, sometimes to an- 
on rather ing a wave function that had the necessary prop- other, and in some cases to be intermediate between 
€stations erties (0 take into account the identity of electrons those expected of two or more structures. 


nd obser. ind the exclusion principle. The wave function in 
ve of the 7 terms of space and spin coordinates was so designed Molecular Orbitals 
ralnates that it changed sign when the two electrons were It is for this reason that another form of descrip- 


articulay interchanged. We know now that other wave func- tion of molecules has been found to be useful. 


aa Rules tions can be devised to have the required properties When several electrons move in the same field of 
values of HR and that from them also calculations can be made force, the wave function of the system can be ex- 
1 y, and of the energy of formation of the hydrogen mole- pressed accurately as a product of functions of the 
with ex. cule. The method used by Heitler and London was — coordinates of the individual electrons or as a sum 


to a set #® not the only one, or indeed the right one, to give a of such products. Each such function corresponds 
ulues for deep understanding of the forces at work in a to a distribution throughout the field of force and 
molecule to produce stability. is called an orbital, because this term implies a 

nities One important new idea came out of the Heitler- generalization of the notion of an orbit. 
€ of in London approach. Once their method of calcula- It seemed natural, therefore, to begin with mole- 
sdbetlian tion was generalized by Pauling and others to more cules on the assumption that the fields of the elec- 
xclusion complex molecules, it emerged that there were dif- trons on each other could be so smoothed out that 
nt other ferent ways of obtaining a wave function with the all electrons moved in the same field. The problem 
| correct symmetry properties. Further, it was found — was then soluble in principle, and although it was 
nguish that if such wave functions were combined together necessary in practice to make approximations con- 
iny two as linear sums (the symmetry properties thus being cerning the form of solutions, this did not detract 
ervabl preserved), the resulting expression gave a better from the essential soundness of the approach. Ac- 
istribu- representation of the system, for when used to cal- cording to this method, the electrons could then 
1 whi . culate the energy it gave lower values and thus _ be assigned in pairs to a set of functions, each of 
regard indicated greater stability. Now the component which represented a definite energy. Each such 
. This parts of the wave functions could each be described function depended on the space coordinates of an 
e func- roughly) as typifying a structural formula in the — electron only, and for convenience it was called a 
‘d or it usual chemical sense. Thus emerged the idea that molecular orbital. The energy of the system on this 
often a molecule cannot be described satisfactorily simple view was the sum of the energies of the in- 

thes by any one classical structural formula. It must be dividual electrons. 

jOVICES regarded as a composite state, best described as a It should thus become clear that the term mole- 
‘Lusior superposition of different structural formulas. This cular orbital, as first introduced, represented any 
I, the phenomenon was at first called “resonance,” but one of the set of solutions of a wave equation of a 
0 elec- the description is misleading, for it suggests actual single electron in a certain averaged field. The term 
dopt- oscillation between several alternative patterns, was thus synonymous with a wave function. ‘The 
ibility whereas the true state is intermediate between all orbitals determined in this way had an important 
at the of them and simultaneously involves in varying de- property. If two different ones were multiplied to- 
The grecs the properties of each. The idea has proved gether and the product integrated over the whole 
pres- of great value in chemistry in clearing up many of space, the result was equal to zero; they were 
. phenomena that had previously remained obscure. said to be orthogonal. This feature has proved to 
Intro- One weakness from a theoretical point of view _ be a necessary one for the application of the exclu- 
ndon is that the method tacitly assumes that a precise sion principle. It is as though in molecules, as in 
thods meaning can be attached to each structural for- music, nature prefers a form of harmony in which 
it the mula, and that a single or double bond in different the “notes” are compatible and the chords are pure. 
on of fF environments has the same significance. Actually The method proved to be powerful because the 
» that it not possible to describe even the simplest orbitals were found to have characteristic symmetry 


on ol “single” bond, namely, the bond in the hydrogen _ properties and could be divided into classes. Thus 
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it appeared that if a molecule possessed a plane of 
symmetry, then some orbitals were symmetric about 
this plane, while others were antisymmetric; that 
is, at corresponding points on each side of the plane 
the orbital had values equal in magnitude and op- 
posite in sign. One important application of this 
has been made to conjugated molecules, for they 
usually have a plane of symmetry through the 
nuclei. 

It should, however, be noted in passing that, 
while the orbitals have these different symmetry 
properties, the charge distributions appropriate to 
all the orbitals are symmetric about the plane of 
symmetry, for they are obtained from the square 
of the orbital values. 

This simple form of molecular orbital theory has 
been used extensively and has helped to clarify 
much that was obscure in chemistry. It was used 
by the writer for diatomic molecules and applied 
with great success by Hiickel to conjugated mole- 
cules. It has been developed and applied to various 
problems of structure by Mulliken, Coulson, Lon- 
suet-Higeins, the writer and their coworkers, and 
by many others. Recently Dewar has made numer- 
ous applications of the method and, in particular, 
has given a simple treatment of the color of con- 
jugated molecules in terms of their structure. 

The idea that an electron may be distributed 
throughout the first 
strange to the chemist, who has been brought up to 
think in terms of localized bonds. But the principles 
of the wave theory force us to accept this view. 
When an electron is removed from a molecule by 
the absorption of light or by other means, it must 


whole of a molecule is at 


be regarded as taken from the whole molecule and 
not from a localized part. The “hole” that is left is 
closely related to the pattern of distribution rep- 
resented by a molecular orbital. 

There has been a further development of the 
molecular orbital theory. In a real molecule the 
fields of force acting on different electrons are not 
exactly the same, because the exclusion principle 
forces the electrons into different orbitals, and the 
effect on one electron of the repulsive field of all 
the others varies according to the orbital it occu- 
pies. For this reason the wave function cannot be 


expressed accurately as a product, or a sum of 
products, of functions of the coordinates of each 


electron. Progress can be made if, in spite of this, 
the same form of wave function is adopted and in- 
dividual orbitals determined in such a way as to 
give the “best” solution. By this is meant that solu- 
tion which renders the calculated value of the 
energy a minimum. This method of calculation 
automatically introduces a form of averaged field 
on each electron, but it is different for each. This 
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field is the one that would arise if all the ot; 

trons were smeared out in space according 
orbital distribution. Progress in this stag 
theory has been made mainly since 1949 an. it ha 
been found that a new range of problems h:; coy, 
within its scope. Applications of the metho mag 
at Cambridge and Chicago hold promise that }; 
will be able to deal not only with structure but ak 
with ionization potentials of molecules and the j; 
terrelations of the one with the other. 

There is further room for improvement. [t wi] 
be necessary finally to take into account the differ. 
ence between the averaged field, even thouch th; 
is different for each orbital, and the actual field. |; 
is this difference alone which prevents the theon 
from being accurate in all Thus thi 
method of calculation makes clear that the com. 
plexities of the theory arise entirely from the field 


respects. 


of repulsion between electrons, for these depend o: 
the simultaneous position of two electrons and thy 
involve six coordinates. Successive refinements « 
the theory represent stages in the process o! 
culating the effect of one electron on the distrib 
tion in space of another. The problem is thus o 
of finding the effect of electrostatic forces on t! 
spatial correlation of electrons relative to ea 
other. 

These complexities can be avoided and the phy 
ical significance of the principles determining mol 
cular structure made clear if attention is firs 
directed to some simple systems in which the pai 
ticles move in the same field. The process of cal 
lation follows closely that used for molecules by t! 
orbital method. 

Model 1. Because it can be used to illustrate sor 
of the properties of butadiene, the first exampl 
be considered is the problem of two particles of thi 
same spin moving in a region of finite length 
within which there is no force field. It is supposed 
that the particles are trapped within this regio 
and that the boundary walls are such that ther 
no penetration. It is sufficient for a discussion of ‘ 
problem such as this to concentrate on the bi 
havior of the particles in the one dimension across 
the region. To simplify the discussion it will b 
assumed that the particles do not interact with on 
another by any direct force field. In tnis, as in al 
atomic and molecular problems, it is necessary [irst 
to find the appropriate wave representation of th 
particles. For a single particle moving in such 
force-free field, the wave function can be any 
of a set of sine functions, each fitting into the re 
in such a way that it has zero value at the tw 
tremities. This implies that the half-wavelengtl 
the functions fit into the width of the region 
integral number of times. To each function co 


THE SCIENTIFIC MONTHLY 









ise hat 
re but als 
nd the ip. 


nt. [t wi] 
the differ. 
ouch this 
il field, |; 
he theor 
“hus. this 
the com- 
the field 
pend o 
and thus 
nents of 
§ OF Ca 

distriby- 
‘hus on 


; on the 








g mole. 
is Hrs 
he pa! 
F cal 


by tl 





e son 
nple t 


of the 





reth . 





posed 
regio! 
71 re is 


n ot % 


1e he 





ACTOSS 
h one 
in all 
y first 
yf the 


ich a 





:, spon 


m iu 



























definite energy and the set can be ar- 
an increasing sequence, F,, F., Fs. 

. particles have the same spin, the lowest 
F., because they must oc- 


ran at 


y 








B Since 


the two 1s F, 
rent orbitals. The wave function of low- 


cups 
iad y is sin (7x/a) and the next lowest is sin 
arr These are the two occupied orbitals. 

[t is necessary now to take into account (i) the 
Fidentit’ of the particles, so that each may occupy 
S either orbital with equal probability, and (11) the 
F exclusion principle. Since the particles do not in- 

reract with each other directly, the correct wave 
inction is proportional to the difference of sin 
nx,/a) sin (2rx2./a) and sin (27rx,/a) sin (7Xx2/a), 


and this is an accurate solution satisfying the neces- 
sarv conditions. 

Once the wave function W(x, x2) 
tained, it is possible to deduce the properties of the 
system. Thus the square of ¥, multiplied by dx,dx», 
s interpreted as the probability that one particle is 
dx,, with another at the same 
dx,. From this we can de- 


has been ob- 


between x, and x, 
time between x. and x» 
rive the probable distribution of one particle rela- 
tive to the other. Figure 1 shows the form of the 
wave function for a given position of one particle 
and the probability distribution of the second par- 
ticle relative to the first. 

It is evident that the second particle avoids the 
first and that its most probable position is between 
the first and the further boundary. It is to be noted 
that this does not arise from any mutual repulsion 
of the particles because it has been assumed that 
none exists. It arises only from the exclusion prin- 
ciple. 

As a corollary to this example, it is possible to 
consider the case of four particles moving in the 
same one-dimensional field, there being two of one 
kind of spin and two of another. The second pair 
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g to the exclusion principle. 
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Distribution of one particle relative to another 


of particles can also be assigned to the two lowest 
energy states without conflicting with the exclusion 
principle. The wave function now consists of prod- 


ucts of four sine functions, one for each orbital to 
which the particles are assigned. In addition it 1s 
necessary to introduce factors to indicate the spin 
to be associated with the particles in each arrange- 
ment. The complete wave function is so arranged 
that it changes sign for any interchange of elec- 
trons; it takes the form of a determinant. 

For this system it is found that the distribution 
of one particle relative to another of the same spin 
is the same as before. One avoids the other. On the 
other hand, particles of opposite spin can move in- 
dependently of each other. There is no correlation 
between them. The probability distribution of one 
relative to the other has a constant value across the 
region. This represents a feature which appears in 
all molecular systems. The exclusion principle does 
not itself require any correlation between electrons 
of opposite spin. Whatever correlation exists arises 
from other causes. 

Model 2. A model that can be used to illustrate 
some of the properties of the benzene molecule 1s 
that of six particles moving in a ring of constant 
potential, three particles each of opposite spins. 
Again it is supposed that the particles do not inter- 
act with one another by force fields. 

As in the first example, it is instructive to con- 
sider first the case of particles of the same spin. The 
wave function consists of three factors, each of 
which is a solution of the wave equation for a single 
particle moving in the ring. The solution of lowest 
energy has a constant value around the ring, say 
C, and the energy is zero. There are two solutions 
of next highest energy and they are sin @ and cos ®, 
where is an angular coordinate determining posi- 
tion. The wave function of the three-particle sys- 


tem is made up of a linear sum of terms such as 






sin ©. COS ¥ 


I 















indicating that one electron is assigned to each 


orbital. When this linear sum is arranged to change 
sign for any change of electrons, it proves to be 


proportional to 





sin (4 q sin (Po — 4 sin (4 ®; 








and this vanishes whenever two of the coordinates 
are the same. No two particles ever occupy the 
same place in the ring simultaneously. 

The maximum value of the wave function occurs 
when the three particles are disposed at equidistant 
intervals around the ring. Thus the system tends to 
adopt trigonal symmetry, and this property arises 


solely from the wave representation of the particles 
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and the exclusion principle. The probability distri- 
given positions of the 
others are shown in Fig. 2. Again we see the tend- 
ency of the particle to take up a position midway 
between the other two. 

When there are three pairs of particles of oppo- 
site spin, each set of three of the same spin has the 


butions of one particle for 


properties just described. In particular each system 
tends to arrange itself so that the three particles are 
equidistant around the ring. But there is no correla- 
tion between the two systems. They move around 
the ring independently of one another. 

Model 3. Because of its interest in illustrating 
some of the properties of carbon and complete 
octets of electrons, it is profitable to examine in a 
similar way first a system of four particles, each of 
the same spin, confined to move on a spherical sur- 
face, and then a system of eight particles. 

Treatment on similar lines to that just given 
shows that the four particles of a given kind of spin 
tend to arrange themselves symmetrically on the 
sphere so that the lines joining them form a regular 
tetrahedron. This represents the most probable dis- 
tribution. Other arrangements can occur, although 
with less probability. 

Thus we see in this example the emergence of 
some of the tetrahedral properties of carbon, for in 
its tetravalent state it can be regarded as having 
four electrons somewhat in the way described, al- 
though the problem is more complicated because 
of electrostatic forces. 

As in the other example, the two sets of four par- 
ticles each of the same spin tend to adopt tetrahe- 
dral configurations among themselves, but the ex- 


clusion principle does not cause any correlation 


between the two sets. 

Some correlation is produced by electrostatic 
forces but it is weak compared with that just de- 
scribed. Calculations show that these forces in- 
crease the probability that four electrons of the 


nN 


Fig. 2. Distribution of a particle relative to two others. 
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same spin will take up a tetrahedral arran: -:pep; 


LIS & 


Correlation between electrons of opposite sj 
slight that a complete octet of electrons may be de. 
scribed as consisting of two loosely coupled t:trahe. 
drons. Of course it must be emphasized tha’ whi 
a tetrahedron represents the most probable « 
ration of each set of four, there is consi 
flexibility about that arrangement. 

These models bring out a property that 


Ingu- 


rabli 


holds 
for all electronic systems, whether they are 
molecules, or solids: Electrons of like spin t 
other. This effect erful 
much more powerful than that of electrostatj 
forces. It does more to determine the shapes and 


toms 


avoid each is most pov 


properties of molecules than any other single factor 
It is the exclusion principle that plays the dominant 
role in chemistry. Its all-pervading influence does 
not seem hitherto to have been fully realized by 
chemists, but it is safe to say that ultimately it wil 
be regarded as the most important property to by 
learned by those concerned with molecular struc. 
ture. 


Examples of Molecular Structure 


In actual molecules there are three main factors 
determining structure: (i) the exclusion principle, 
il) the field of the atomic nuclei on each other 
and on the electrons, and (iii) the forces of the 
electrons on each other. In methane, for example, 
the electrons are attracted to the central carbon 
nucleus and to the hydrogen nuclei; also, the hy- 
drogen nuclei repel one another. Under their ow: 
forces alone the hydrogen nuclei would tend to tak 
up a tetrahedral arrangement. The electrons maj 
be regarded as already suitably disposed to receiv 
them and to provide the maximum attraction when 
the nuclei are most deeply imbedded in the electron 
cloud. In such a system, the exclusion principle, th 
repulsion between the electrons, and the repulsion 
between the nuclei all act in unison to produce the 
effect. Whereas in the neonlike 
there is little correlation between the sets of elec- 
trons of different spins, in methane both sets are 
attracted by the hydrogen nuclei, and the two 


same structure 


tetrahedrons tend to be drawn into coincidenc 
Thus the eight electrons may be regarded as ar- 
ranged in pairs in a tetrahedral manner relative to 
each other but constantly interchanging their posi- 
tions. This is the interpretation to be given to lo 
ized bonds. 

The structures of molecules such as ammo! 
water, and hydrogen fluoride are closely related t 
that of methane. In each there is an octet of e! 
trons. In ammonia the two tetrahedral distributi 
of electrons are held by the three hydrogen ator 
Relative to the three NH “bonds,” there is a “lone 
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ecting out in a direction approximately 


an: ment 
spin js Be edral angle to them. Figure 3 gives some 
lay be de. of the reason for this. The angles be- 
d tetrahe. bonds and the lone pair differ from tetra- 
hat while es only because of the forces between the 
> COnfigy. d the electrons near them. 
siderable rly the water molecule may be pictured as 
wo pairs of electrons projecting out in di- 
lat holds rections nearly at tetrahedral angles to the two OH 
© atoms [Me bonds, and the HF molecule as having three lone 
. tend ty pairs electrons projecting out behind the HF 


S hond. Figure 3 again may be used to illustrate this, 


Owerfy] 
S the diagram showing equally well the most prob- 
| able distribution of three electrons of the same spin 
when the position of the fourth is given. 
[he great significance to chemistry of these dis- 
tributions of lone pairs is that they provide electron- 
rich regions and so are particularly reactive to elec- 
trophilic agents. The type of attraction between 
molecules or groups of molecules known as the 
r struc. hydrogen bridge may be attributed to the interac- 
tion of a positive center and an electron-rich distri- 
bution. These regions also contribute substantially 
‘o the electric moments of the molecules and thus 


‘trostatic 
pes and 
e factor 
ominant 
ice does 
ized by 
y it will 
y to be 


factors have a major effect on their physical properties. 


nciple, Thus the characteristic behavior of these and simi- 
other iar molecules may, to a major extent, be traced 
of the 


ample, 


back ultimately to the operation of the exclusion 
principle. 
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Fig. 4. An clectron distribution in carbon monoxide, 
showing a concentration of charge outside the nuclei. 


Were it not for the exclusion principle, all the 
electrons would crowd into the orbital of lowest 
energy, and this would mean that they would tend 
to be near the nuclei or in those regions between 
them where the field is strongest. But the exclusion 
principle forces electrons into parts of space where 
they are remote from some of the nuclei. Thus, in 
the molecule of carbon monoxide it is found that 
the ten outer electrons are to be assigned to five 
orbitals, of which only one gives a concentration of 
electron density between the nuclei. In one of the 
others the region of greatest concentration is near 
the oxygen nuclei on the side remote from the 
carbon atom. This is shown in Fig. 4. The contours 
show where the orbital has the same value. 

In another orbital there is a similar distribution 
near the carbon nucleus on the side remote from 
the oxygen atom. These latter distributions each 
make large contributions to the electric moment of 
the molecule but they are in opposite directions 
and nearly cancel out. Although carbon monoxide 
has a small over-all electric moment, there are 
asymmetries of charge distribution within the mole- 


cule which have chemical significance. 


Conjugated Molecules 

One of the most interesting and profitable appli- 
cations of the new ideas has been to the structure of 
conjugated molecules. The nuclei of a conjugated 
system as a rule lie in a plane. The orbitals occu- 
pied by electrons in such a molecule can be divided 
into two distinct types. In the one the orbital dis- 
tribution is symmetric about the nuclear plane; in 
that is, 


be associated with the orbital at corresponding 


the other it is antisymmetric the value to 
points above and below the plane is the same in 
magnitude but opposite in sign. It follows that in 
the latter case the orbital has a zero value at all 


points in the nuclear plane. It is said to have a 


nodal plane. 


In the language of chemistry, the electrons in the 
single bonds of a conjugated system belong to the 
symmetric type, the electrons taking part in con- 
jugation to the other. The former are called o-elec- 
trons, the latter z-electrons. Carbon atoms each 
provide one electron of the z-type, nitrogen and 
oxygen atoms sometimes one, sometimes two, ac- 
cording to the other atoms combined with them. 

It is a consequence of these different symmetry 
properties that the z-electrons can for many pur- 
poses be dealt with separately. The four z-electrons 
of butadiene can be dealt with theoretically very 
much as are the four particles in a one-dimensional 
box, described in a foregoing section. In the normal 
state of the molecule the electrons consist of two 
pairs of opposite spin, these being assigned to the 
two lowest orbitals of z-symmetry. These orbitals 
have properties along the chain somewhat similar 
to the sine curves of the model; in particular, elec- 
trons of the same spin tend to avoid each other. 

The difference between the model and the mole- 
cule lies in the kind of field in which the electrons 
move. In the molecule the carbon nuclei attract the 
7-electrons, and the saturated electrons repel them. 
The net effect is that the z-electrons move in a 
field that changes periodically along the molecule, 
but they are in fact trapped in a boxlike domain. 
The fluctuations in the field along the box do not 
alter fundamentally the wave representations of the 
electrons. There are thus three main factors at 
work in determining the most probable configura- 
tion of the four z-electrons: (i) the nuclei, which 
attract the electrons, (ii) the exclusion principle, 
which tends to keep electrons of the same spin 
apart, and (ii) the mutual repulsion between elec- 
trons whatever their spin. 

The attractive field of the carbon atoms will tend 
to keep one electron near each of them on the aver- 
age, but the exclusion principle influences the ar- 
rangement of spins. If, as has now become usual, 
spins of one kind be denoted by the symbol a and 
those of the opposite kind by 8, the combined ef- 
fect will be to render the arrangements a, 8, a, B 
and £8, a, 8, a more probable than those of the type 
a, B, 8, a with two neighboring spins. It may hap- 
pen that two electrons are simultaneously near one 
carbon atom, provided that the spins are opposite. 
Such an arrangement might be written aB, —, a, B 
with others of a similar kind. This would corre- 
spond to what is usually called ‘“‘an ionic structure.” 
The mutual repulsion of the electrons will, how- 
ever, reduce the probability of these configurations. 

These general features have been confirmed by 
detailed calculations of the electronic structure of 
butadiene. Thus, if an electron of given spin is as- 
sumed to be at a fixed position near one of the 
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terminal carbon atoms, say C,, then the pro abilis 


of finding another of the same spin near t!. > sap 
atom is very small, the probability rises to » may 


mum on carbon atom C, and has a smaller >roh». 


bility of being at the other two. On the othe: han 
the probability of finding an electron of © )posj; 
spin has maxima at the second and fourth «arbo, 
atoms, C. and C,. 

This view of the inner structure of the n 
permits some insight into the processes at worl 
producing the property of alternating polari 
Suppose that under the influence of a reacti: 
agent of an electrophilic kind the attractive field 


a terminal atom is increased. There will then be - 


tendency of other z-electrons to move toward i 
and the a- and £-electron systems may behave dij 
ferently. Thus, if the sequence of spins is a, f, a, 

then the B-electron from the second carbon ato: 


can move toward the first under the influence o/ 
the field without conflicting with the exclusio 


principle. The B-electron on the fourth atom ca 
do likewise, but the a-electron on the third carb 
is held off. Thus we can regard the a-system 

coupled together and the B-system as coupled 1 
gether, but with only loose coupling between t! 
two sets owing to electrostatic forces. 


The process of shift of z-electrons in elect: 


fields is illustrated by Fig. 5, which shows the dis 


tribution of z-electrons in carbon monoxide. 
contours show equal values of the orbital, rising 1 
a maximum value above and below the oxygen n 
cleus. It is probable that there is a similar shift 
conjugated systems wherever the —C=—O group o 
curs. This permits a corresponding shift of all ele: 
trons, of the same spin on alternate atoms. 

A similar picture of the unsaturated electrons 
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a0 - . . . . 7 ° . 
Fig. 5. Distribution in a z-orbital in carbon monoxide 
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oa ons moving in a ring considered earlier. 
The erty of two sets of three electrons of the 
ame in, each coupled in trigonal symmetry 
withir. itself but moving independently of each 
ther. » modified by the electrostatic fields of nuclei 
and ec!) ctrons. These fields will tend to produce an 
yrane ment of alternating spins around the ring, 
and there are two ways in which this can happen. 
\s in ‘he case of butadiene, an increase of attrac- 
ve d at any one atom, whether the electron 
jin be a or B, will tend to cause a shift toward it 
of the set of electrons of the other kind of spin, that 





is, of the electrons in the ortho and para positions. 
[hese positions will thus tend to become deacti- 
vated. If, on the other hand, the electron at one 
carbon is repelled by the field of another group, 
then the set of which it is a member will move 
sway and cause enrichment at ortho and para posi- 
tions relative to the meta positions. 











The Elusive Electron—Two Points of View 






It is not to be assumed that such a picture of 
benzene, or of butadiene, is sufficient to understand 
fully how the molecule will behave in all conditions. 
[he properties of electrons in molecules are too 
elusive for that. We cannot say with certainty that 
an electron is here or is there. The electron density 
in a particular part of a molecule may on the aver- 
age add up to one unit, indicating a charge equal 
to that of one electron, but the charge density in 
that region is made of many parts, as though the 
electron were playing many roles at the same time. 

Two analogies may illustrate the dual behavior 
of electrons. In some forms of dance, such as Scotch 
reels and square dances, there are four partners and 
for most of the time the dancers are to be seen in 
pairs at corners of the square performing some kind 
of figure. But there is constant interchange of part- 
ners, and the identity of the pairs at any particular 
position does not remain the same. If any one 
dancer were to fall out, the gap created in the 
movement would appear first at one corner of a 
square, then at each of the others in turn. The 
“hole” thus left might be regarded as equally di- 
vided between the four corners of the square and 
thus as affecting the whole equally. The removal 
of an electron from a molecule may similarly be 
looked upon as leaving a “hole” in the whole sys- 





















tern 





\Ve might also compare a molecule with a layer 
cake. There are two ways of dividing up the cake. 
It can be taken apart layer by layer, each with its 
own characteristic flavor. Or it can be cut into seg- 
ment portions in the ngrmal way. Either method 








| at each stage give the same fraction of the 
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whole. Electrons removed from a molecule by the 
absorption of light leave according to the layer 
method. Those removed by the chemist in a reac- 
tion are usually drawn as from a segment portion. 
But there is one important respect in which the 
analogy fails. When a portion of a cake is removed, 
the rest remains as it was. In a molecule this is not 
so. When an electron is removed by taking away an 
atom or part of the framework, the rest of the 
molecule adjusts itself to a new set of layer pat- 
terns. These patterns are the molecular orbitals 
appropriate to the new framework. 

These properties of electrons may be illustrated 
by one or two examples. We have already discussed 
the structures of butadiene and benzene from one 
point of view. It is instructive to consider them 
from another. If one of the z-electrons in butadiene 
could be trapped by some means, say the one on 
the other three would distribute them- 
and C, as though 


carbon C,, 
selves amone carbons C., Ca, 
they formed an allyl radical. They would occupy 
the two orbitals lowest in the energy scale, with two 
in the lower one and one in the upper. The upper 
one, like the upper one in the box model considered 
earlier, has a node at the center; that is, the elec- 
tron in it avoids the center atom (C,). Let us next 
suppose that the trapped electron of butadiene is 
released and is then strongly repelled along the 
chain by some nucleophilic agent. In the limiting 
case when it is forced on to the allyl-like residue, 
the exclusion principle obliges it to occupy the up- 
per orbital, that is, to divide itself equally between 
2 and 4. These would then become 


“= « 


carbon atoms 
reactive to electrophilic agents. 

In a similar way an electron on a carbon atom in 
benzene, say on C,, if forced by some external 
agency on to the rest of the molecule, would be ob- 
liged to take up an orbital belonging to the penta- 
dienyl residue. A simple, but approximate, calcula- 
tion of the orbitals of this residue leads to the result 
that the one which is available, and lowest in the 
energy scale, has zero values on atoms C, and Cs, 
the meta positions. An electron in this orbital di- 
vides itself equally between atoms C,, C,, and Cy, 
the ortho and para positions. Although this state of 
affairs represents an extreme case, it illustrates the 
tendency of the benzene nucleus to become acti- 
vated preferentially at the ortho and para positions 
when an electron is repelled from one carbon atom 
into the rest of the ring. 

The effect of taking electrons out of the ring can 
be illustrated by considering what happens when 
the CH.* group is attached to form the benzyl ion 
A simple orbital treatment shows that the six elec- 
trons redistribute themselves among the seven cen- 


ters in such a way that the ortho and para positions 
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are deactivated, the meta positions to a first 
proximation being unchanged. 


ap- 


Present Position and the Future 


It has not been the purpose of this article to de- 
tail the methods of calculation that have been de- 
veloped to deal with molecular structure but rather 
to discuss their physical content. An understanding 
of the physical ideas involved may help the experi- 
menter to appreciate the processes at work in deter- 
mining the way chemical reactions take place and 
the theorist to see the significance of the difficulties 
that arise in his calculations. There has been re- 
markable progress in the application of the wave 
theory to the structure of molecules, and the ad- 
vances made have inspired general confidence that 
the principles governing the behavior of molecules 
are now known and that what is required is a rigor- 
ous method of calculation in accordance with these 
principles. It appears from what has been said here 
that the main difficulty in the theory is in the cal- 
culation of the effect of the repulsive fields of the 
electrons on each other. Other aspects of the theory 
do not present serious obstacles to calculation. It is 
because of this outstanding mathematical difficulty 
that the successes of the theory up to date have 
been mainly of a qualitative kind. Calculated val- 
ues of observable quantities are as a rule approxi- 
mately the same as those determined by experi- 
ment, but the stage has not been reached when 
computation can take the place of practical deter- 
mination. 

Nonetheless, the ramifications of the theory have 
been far-reaching. The covalent bond, which for so 
long was a mystery, is now understood. The grada- 
tions between covalency and electrovalency have 
become clear. The factors determining the shapes 
of molecules have become more precise. The prop- 


erties of conjugated molecules have been {< 
plicable in terms of the same principles tha 


id ex. 


( leter 


mine the structures of other systems. A furtl or sy. 
cess of the theory has been in bringing in 
relation to each other the chemical and 

scopic properties of molecules. It is now pos 


Clos 


understand the conditions under which m: 
may show color, and promising progress h: 
made in advancing a theory of dyes. Much 1 
to be done, but the prospect of further ad\ 
bright. 

In justification of the theme of this article (| 
some words written by Faraday to Clerk Maxwi 
may in conclusion be quoted. 

When a mathematician engaged in investigating 
physical actions and results has arrived at his ow: 
conclusions, may they not be expressed in commo: 
language as fully, clearly and definitely as in math 
ematical formulae? If so, would it not be a great 
boon to express them so—translating them out of 
their hieroglyphics that we might work upon them 
by experiment? 


It may not be possible for the theorist of today | 
attain an ideal so clearly set forth, but the task 1 
mains clear and insistent, now as then, that the ai 
tempt be made to express as simply and clearly ; 
possible the physical meaning of the mathematica 
theories that have swept through the whol 
chemistry. 


Note 


I am indebted to S. C. Nyburg for working out a1 
drawing Figs. 1, 2, and 3, to R. C. Sahni and tl 
Faraday Society for permission to use Figs. 4 and ! 
and to P. P. Manning for allowing me to refer to his 
unpublished calculations on butadiene. I am _ als 
grateful to H. D. Springall, I. N. Sneddon, and S. ( 
Nyburg for reading this article in proof and for the 
valuable suggestions. 


There seems to be a natural law that regulates the advance of Science. Where only 
observation can be made, the growth of knowledge creeps; but where laboratory experi- 


ments can be carried on, knowledge leaps forward. 


FARADAY. 
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The Language of Science 


q 





CHARLES E. WHITMORE 





Dr. Whitmore received his training at Harvard University. During 1924-27 he 


was assistant professor of rhetoric at the University of Michigan. His reflections 
on topics connected with the philosophy of science have resulted in the publica 


‘OOD many people, I dare say, have a 
rather indefinite notion that scientists have 
a language of their own, a language that is 
largely the result of careful choice, perhaps regu- 
lated by some general body, but certainly more pre- 
cise and more scrupulous than the language of 
every day. What we actually find on closer inspec- 
tion is that every scientist uses certain terms appro- 
priate to his special activity, many of them not at 
all familiar to workers in other fields, although 
some terms may be widely understood. All the 
terms, however, are imbedded in a wider language, 
which is in the first instance whatever the native 
tongue of the scientist happens to be. Instead of a 
single unified scientific language, what we have is 
an assortment of technical vocabularies of the most 
various Composition, growing and changing, just as 
any elements of language do. Whether or not this 
state of affairs should or may be modified, it is ad- 
visable, with the help of a few case histories, to see 
how it has come about and what forces have been 
concerned in producing it. 

The idea that the problem of scientific expression 
could be circumvented by using a pure notation of 
concepts, almost or wholly divorced from words, 
has often been put forward but never realized. The 
business of ordinary life, and even much practical 
scientific activity, simply could not be carried on by 
any such means. Perhaps an approach to such a 
condition might be found in the group of mathe- 
maticians who gathered around Banach in the 
years before World War II, of whom it is recorded 

!) that they spent long hours every day in two 
coffee houses, discussing problems over coffee or 
beer; but it is not likely that they ordered their 
drinks in technical or symbolic terms. After all, 
symbols cannot be used until their meaning has 
been ascertained and expressed in ordinary lan- 
guage. It is significant that number has always had 
both words and symbols: we write in numerals, but 
we count in words, of which every language has its 
own set. We have to explain the difference between 
signs for quantities and signs for operations, as well 
as ihe different meanings assigned io a symbol in 
different contexts, as a part of the general educa- 
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tion of several papers, notably in the Journal of Philosophy. 





tional process, which is usually carried on in the 
native tongue of those concerned. 

Midway between the purely mathematical treat- 
ment of certain portions of physics and the descrip- 
tive treatment appropriate to many portions of 
geology and biology is the system of symbols that 
Berzelius introduced in 1819 as a means of bringing 
order into the growing complexity of chemistry. His 
use of index numerals to qualify the letters that 
denoted the elements was objected to as differing 
from the use of exponents in algebra, and the jux- 
taposition of letters to indicate compounds was 
declared to be offensive to mathematicians because 
it confused addition with multiplication; but Berze- 
lius declined to be impressed by these arguments 
As late as 1837 Dalton declared that the new sym- 
bols were horrifying, and that a young student 
might as well learn Hebrew as make himself ac- 
quainted with them; but they were needed, and 
with a few modifications they won general accep- 
tance (2). In actual use, however, they remain 
symbols within a context; a writer may use Pt o1 
platinum according to his convenience, but he does 
not, in connected discourse, use symbols exclusively. 
nor does anyone mistake the periodic table for a 
piece of connected prose. Berzelius, it may be 
noted, wrote his explanatory text in French, the 
language best calculated to win the attention of 
chemists at that time. 

A curious sequel to this controversy occurred in 
1864, when 
Chemical Society a 


Jenjamin Brodie delivered before the 
lecture on “The calculus of 
which he reissued in 1880 as 
a slim volume entitled Ideal Chemistry. He 


clared that the atomic theory 


chemical operations,” 
de- 


1as proved itself unable to deal with the com- 
plicated system of chemical facts which has been 
brought to light by the efforts of modern chemists, 
and has not succeeded in constructing an adequate, 
a worthy, or even a thoroughly useful representa- 


tion of those facts, 


and that 
; the views of chemists as to the use of the ap 
position of letters as the symbols of combination 


are of a verv vague character. 











The absence of any specific symbols for combina- 
tion was indeed his major objection; but the “oper- 
ations” by which he proposed to reduce each ele- 
ment to the condition of a perfect gas and the 
Greek letters by which he sought to symbolize his 
“ideal” elements are anything but readily intelli- 
gible, and it does not appear that anyone was per- 
suaded to adopt them. 

Leaving the question of pure notation, we must 
turn to a consideration of the words that make up 
the English scientific vocabulary—to what classes 
they belong and where they have come from. In an 
old science like astronomy we have words such as 
planet, comet, and eclipse from Greek, zenith from 

misunderstood) Arabic, orbit and satellite from 

Latin, all of which have long passed into common 
usage; and some of the terms for ordinary chemical 
substances undoubtedly go back to remote antiqu- 
ity. We may note in passing that satellite was at first 
the singular satelles, with the plural satéllites, intro- 
duced by Kepler in 1611 and used in English by 
Pope more than a century later: 

Or ask of yonder argent fields above 

Why Jove’s satellites are less than Jove? 


Soon, however, the influence of the familiar ending 
-ite led to the acceptance of satellite as a singular, 
which it has remained to this day. The names of 
many common substances may well go back to the 
dawn of civilization in Mesopotamia and have 


passed through many stages of linguistic change 


and popular etymology. To trace such changes is an 
interesting occupation, even when much of it must 
be conjectural; but our concern here must rather 
be with the introduction of fairly recent terms 
under known conditions. 

It is very difficult to invent an acceptable new 
word out of whole cloth; Van Helmont’s often- 
cited gas is one of the very few authentic cases. 
Recourse is usually had to a word borrowed from 
some existing language, either directly or with such 
modification as analogy or euphony may suggest. 
Greek and Latin have naturally been the great 
sources, with some Arabic infusion in astronomy 
and chemistry; geology has drawn on Celtic and 
Slavic tongues; and there is no reason why a word 
should not be taken from any known language if it 
happens to hit the borrower’s fancy, provided that 
it does not look too startling. When suitable single 
words are not available, recourse may be had to the 
so-called “‘acrophonic” forms, familiar in such 
trade names as SOCONY and NABISCO, and, in 
another field, UNESCO. Organic chemistry, when 
it was multiplying discoveries in the early 19th cen- 
tury, yielded many such condensations: for ex- 
ample, paraffin from parum affinis, or aldehyde 
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from alcohol dehydrogenated; or, odder 
captan from mercurium captans for that 
ant class of compounds of which the most 
is the active principle of a skunk’s odo 
that is pretty close to a conundrum. Today 
such words as radar and loran, along with 
ceptable coinages, some of which seem cor 
freakish and unlikely to attain permanent 
ance. 

In general, new names are devised to cd 
new substances, new instruments, and, | 
quently, to name new principles or concept: 
one discovery often leads to another in th: 
field, groups of words are built up on the san 
eral model for groups of related objects. It is 
necessary to do more than mention the numer 
terms that are made from -scope and -meter; | 
are formed as needed, and their use gives rise to; 
problems. A less simple case is the naming of n 
chemical elements in the early 19th century. It \ 
agreed, in general, to use the ending -on for no: 
metals, -ine for the halogens, and -ium for met 
appended to the name of the substance from whi 
sodium, potassium). Da 
wrote, during his researches of 1808: 


they were ext racted 


Had I procured the metallic substances I was i1 
search of, I should have proposed for them th 
names of silicitum, alumium, zirconium, and gluc 


nium. 


The first of these later became silicon, by analog 
with boron and carbon; the second, altered | 
Davy to aluminum, became aluminium for no cle: 
reason except that, as a writer in the Quarterly Re- 
view declared, it had a more classical sound. Sin 
all the Latin names of metals ended in plain -u 
aurum, ferrum), and four modern names (/a’ 
thanum, molybdenum, platinum, tantalum) 4 
the same, the logic of this argument is hard to fo 
low; but in Great Britain and Germany the long 
form is still preferred. 
All this, it is clear, did not succeed in producins 

a uniform terminology. There were still the con 
mon names of the oldest known metals; there we! 
oxygen, hydrogen, and nitrogen; there were arse- 
nic and sulfur; there were zinc and bismuth, of w 
known origin. When, in the 1860's, new meta! 
were discovered by spectrum analysis, it was nat 
ral to name them from the colors of their chi 
spectral lines, so that we have cesium, indiin 
rubidium, and thallium. When Lockyer discov: 
evidence of a new element in the solar spectrur 
was natural to call it helium, since there was 
way of ascertaining its properties; and when it 
later found on the earth, and shown to be a m 
ber of the family of inert gases, it was too late t 
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y the fact that those gases were being 
es in -on—argon, neon, and the rest— 
tempt was made to rename it. An earlier 
however, has had a somewhat different 
osten, named in Swedish “heavy stone” 
weight of its ore, continued peacefully 








Srom 

Binder at name until 1949, when it was proposed 
Bo renone it wolfram, after one of its ores and the 
name has always had in Germany. But wolfram 
self i. of uncertain etymology, and the change 
Soul nly mean substituting an unfamiliar label 
for onc that has long been in use; hence, it is not 
Surprising that 3 years later tungsten was “rein- 


Ptated as an acceptable synonym,” and it will prob- 
P ably continue to hold its place in our technical 
Pvocabulary, even though the chemical symbol for 


a 


thas been, and is, W. 
A conspicuous case in which care in the selection 
new words was exercised is that of Faraday when 
he wanted them to designate the new phenomena 
f{ electrolysis and turned for help to Whewell, al- 
eady known as a coiner of words in the fields of 
mineralogy and geology. Faraday’s first biographer 
wrote 3 
No man ever felt this tyranny of symbols more 
deeply, and no man was ever more assiduous than 
he to liberate himself from them, and the terms 
which suggested them. Calling Dr. Whewell to his 
aid in 1833, he endeavored to replace by others all 


terms tainted by a foregone conclusion. 


Whewell replied with anode, cathode, ion, anion, 
and cation, which Faraday accepted with enthusi- 
ism and proposed to the Royal Society in January 
1834. Some months later he wrote to Whewell (4 


[ have had some hot objections made to them 
here, and found myself very much in the condition 
ff the man with his Son and Ass, who tried to 
please everybody; but when I held up the shield of 
your authority it was wonderful to observe how the 
tone of objection melted away. I am quite de- 
lighted with the facility of expression which the 
new terms give me, and shall ever be your debtor 
for the kind assistance you have given me. 


Whewell himself was not one to be deterred by ob- 
jections. He declared (5, vol. 2, pp. 182-83) : 
Even violent philological anomalies are soon got 
over, if they are used to express important laws, as 
ve see in the terms endosmose and exosmose; and 
therefore there is little reason for shrinking from 
words 


bjections founded in ignorance against 


vhich are really agreeable to the best analogies. 
\cceptance of the new terminology, however, 
was not at first widespread; Tyndall, writing in 
8 of Faraday as a discoverer, could say that 
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anode and cathode enjoyed only a restricted cur- 
rency, and that the other terms were even less fre- 







quently employed. This was in part because Fara- 
day worked largely by himself; when more workers 








came into the field the terms were ready for them, 
and today they are in general and unquestioned 
use. It is not true, however, that they can be kept 







as free of interpretation as Faraday had hoped 
This proved to be the case when Arrhenius de- 
veloped his theory of solutions; but it is evident that 






an adequate term need not be perfectly neutral, 





provided that its object can be effectively identified 
It still makes sense to talk about atoms, although 
they are no longer what they were thought to be a 







century ago; and various views about them have 
been entertained without 


give up the word. It is only when opinions get com- 





making it necessary to 






pletely away from the original meaning, o1 when 





views become contradictory, that a term has to be 
abandoned: and even then it may be redefined and 






kept in use if it still appears serviceable. 
Contrasted with Faraday’s orderly procedure }s 


the casual and often inconsistent way in which thi 






words denoting the “new particles” of recent phys- 
ics have originated. As far back as 1891 Johnston 
Stoney declared that it would be convenient to use 


the term electron for the assumed basic negative 








charge on an atom: it won considerable favor and 
was firmly established by J. J. Thomson’s experi- 
mental work in 1897, replacing the term corpuscl 
which Thomson had previously used. Its meaning 
had also slightly shifted; Stoney had thought of the 
charge as inseparable from the atom, whereas 
that it could be detached 









had shown 





Thomson 
When the corresponding positively charged particl 
was accepted as a fact and found to be identical 







with an ionized hydrogen nucleus, it was appropri- 


ately named proton, as coming first in the atom 






sequence. The subsequently discovered hydrogen 





isotope of double weight was named deuteron on 
deuton not making its way 





“second,” the shorter 





into use. For some years, then, protons and elec- 






trons were the accepted ultimate particles, the -07 
in each case being the Greek neuter ending. 






sy 1932, however. new discoveries were making 






the situation more complicated. The uncharged 





particle, discovered in that year, was appropriately 





named the neutron, a Latin form with a Greek end 
the Greek would have been the longer oude- 
teron, but the hybrid acceptable 


enough and soon became standard. At about the 





ing: 






shorter was 







same time evidence accumulated for the existence 





of a positive electron, for which Anderson, its dis- 





coverer, proposed the contracted form positron, 






with the added suggestion that the negative elec- 







tron should “from symmetry considerations be 





called a negatron.” (6). 
course, arbitrary; it is not clear, at first sight, 
whether the division should be posi-tron or posit- 
ron. If the latter 
an insertion, and the preferable form would be 
positon; but this, although I have occasionally seen 


analogous to posit-ive), the r is 


it, seems never to have become current, and nega- 
tron seems to have won no acceptance at all, elec- 
tron being too firmly established. At any rate, the 
adoption of the form positron led, as we shall see, 
to the possibility of a misunderstanding. 
Meanwhile a new factor in the situation ap- 
peared in June 1931, when Lawrence announced a 
method for producing high-speed hydrogen ions 
7)—the very modest entrance of an epoch-mak- 
ing innovation. Further statements appeared dur- 
ing the next 3 years, in all of which the new device 
was referred to simply as “the magnet” or “the ap- 
paratus.” In September 1935, however, an account 
of improvements thus far made included this sig- 
nificant footnote (8): 


Since we shall have many occasions in the future 
to refer to this apparatus, we feel that it should 
have a name. The term “magnetic resonance accel- 
erator’ is suggested. In this, the last two words 
imply the essential principle of operation, while the 
first word is added to distinguish it from the ap- 
paratus of Sloan and Lawrence, which can_ be 
called a “linear resonance accelerator.” The word 
cyclotron, of obvious derivation, has come to be 
used as a sort of laboratory slang for the magnetic 


device. 


This statement seems clear enough; yet it is not 
so simple as it appears. The word cyclotron can 
hardly be called slang; it is a perfectly good Greek 
compound, although not everyone has found its 
derivation obvious. The Greek ending -tron indi- 
cates a means of doing sometning, as arotron, “a 
means of plowing, a plow”; semantron, “a means 
of signaling’; and the like. Since the new machine 
caused particles to revolve in circles, it was natu- 
rally and properly called a cyclotron. This ending 
has nothing to do with the -tron which appears in 
the names of particles; but various writers with 
more enthusiasm than knowledge have assumed 
that the two are identical. Thus I find in a recent 
book on terminology (9) this statement: 


From electron the -tron has been borrowed and 
used by analogy to form such words as cyclotron, 
betatron; it has no meaning other than being part 
of the word electron. 


Actually there is no analogy here; electron is not 
made up of elec- and -tron, any more than electric 
is made up of elec- and -tric. The correct account is 
given, for instance, by J. M. Cork (10): 
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The contraction is, of 


The word cyclotron, although rhythm 
pleasing in sound, might be objected to by 
of Greek since it comes from “cycle,” me; 

circle, and “tron,” a suffix meaning an a 

“that which does.” It might be thought tl 

machine itself was describing circular paths 
But was this mistake ever really made? 

At this stage we may say that two main lines o 
terminology were well established. Cyclot) 
followed by a whole progeny of similar terms 


Was 


betatron, bevatron, calutron, isotron, synchrotror 
cosmotron, colossotron, the last rather suggestive of 
a circus poster, but all more or less acceptable. On 
the other hand, the discovery in 1936 of the s0. 
called ‘“X-particle” led to a flood of queer proposals 

dynatron, barytron, penetron, yukon 
which 


before the 


more sensible term mesotron, was soor 
shortened to meson, parallel with proton and neu- 
tron. The subsequent discovery of at least twe 
varieties has led to the forms mu meson and fy 
meson, now, it appears, in process of being short- 
ened to muon and pion, understandable as labels 
in this particular field of study (1/). Finally, the 
hypothetical neutrino gets its name _ because its 
postulator, Fermi, happened to be an Italian and 
applied the native diminutive form to something 
12). The ni 
seems appropriate to a somewhat different sort of 
particle from the rest and has persisted, ever 
though it adds one more touch of diversity to a 


much smaller than a neutron 


unit 


already diversified nomenclature. 

From these assorted examples, we can draw at 
(1) A word that applies t 
an object in general use will be adopted, whateve: 


least two conclusions: 
its origin. (ii) It makes little difference who intro- 
duces it, if it seems to meet no real need. In 1863 
the chemist Hofmann proposed the name crit! 
from the Greek for a barley grain) to denote thi 
weight of a liter of hydrogen under normal condi- 
tions, but it never became current. Perhaps the 
sound of the plural criths seemed unpleasant, al- 
though we have no trouble with myths; but it is 
more likely that there was no demand for that 
particular unit and, hence, no need of a name {ot 
it. Again, the objections of a particular user have 
little weight if a term seems desirable. Whewell dis- 
liked tertiary as a geologic term, but it prevailed 
Lord Kelvin’s biographer 
13) that he expressly avoided certain terms 


nevertheless. records 
current use, and that he insisted that the comm 
noun ampere should have no accent, although ° 
would never sanction the vulgarism of ammeter | 
Unfortunately, in actual use a) 
pere comes into association with the monosyllab 
volt, watt, and ohm, and inevitably is clipped 
amp, with ampmeter quite as naturally becomi 
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am peremeter. 
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by assimilation. Even the authority of 






















1 imme + 
s “ta Kel as powerless against such a natural work- 
ga ng ¢ ruistic habit. 
or Onc a new word has been generally adopted, it 
hat the ems » be a matter of chance whether or not the 
ame its inventor is remembered; even the dic- 
onaris seem very casual about the matter. A later 
nes of ext rom Whewell gives us a suggestion of what 
on may | happen. In a letter of 1862 he remarks 
terms 5, vol. 2, p. 426) : 
h tron . : , 
| | have been interested by the process of laying a 
Pisce telegraph wire almost from my door to Holland. 
ble. On The point where it leaves the shore here is only a 
(he so. qu er of a mile hence. I found the operator at 
Oposals the tation employed in testing, as he told me, the 
ore the conductivity of the wire. I was glad, for the sake of 
S soon scientific propriety of language, to find that the 
ld neu- word which I recommended years ago has made 
st two its way and established itself in the working vocab-. 
and fj ulary of galvanism as an art. 
short. He was well aware that it is the general use of the 
labels thing signified that makes a word last. He had writ- 
y, the ten in 1835 (5, vol. 1, p. 227) : 
ise its 





| begin to think it is both officious and unprof- 


n and 
itable to draw up plans and to expect other people 




















3 o 
to work upon them, and I shall hesitate about pro- 
nt ol posing any more plans of notation and nomencla- 
ture, till I have got some body of information 
ons which I can communicate by means of them. It is 
(0 an only in that way that systems of names and notes 
make themselves generally known and used. 
W atl 
es to (he personal names that have become attached 
tever to certain objects or concepts—Ohm’s law, Ryd- 
ntro- berg’s constant, Poynting’s vector, Addison’s disease 
1865 are usually mere labels for identification; we no 
rith more think of the persons connected with them 
the than we ordinarily do of the historical characters 
ndi- who give their names to our streets. It is true that 
the something of the history of science can be traced 
al- through such names, but it would require a good 
t is deal of research, and be only a partial history, since 
hat many of them are obscure, and many great names 
for are not attached to particular discoveries. In prac- 
ave tice they survive, as other terms do, merely for their 
lis- convenience. I am informed (/4) that there is a 
led present tendency in medicine to replace the per- 





sonal names of diseases by new terms that give a 
clearer idea of what the diseases really are. Ideally, 
a name should be both significant and convenient; 
but if it once gets into use, convenience is likely to 
carry the day, as the numerous clipped or hybrid 
forms that we have encountered show. 

hese various illustrations suggest, as is indeed 
the case, that new scientific terms are predomi- 
ly specific nouns or verbal forms derived from 












h 1955 











them by suffixes such as -ize and -ation. More gen- 
eral nouns seem to be formed in much the same 
way as specific ones; thus, in the 1820’s, Dutrochet 
from a rather 

for the phe- 


coined endosmose and exosmose 

rare Greek word meaning “thrust” 
nomena shown by permeable membranes. They 
were promptly adopted in England, both in the 
French forms and in those ending in -osis, which 
seem more in accordance with English usage, al- 
though both types have continued in use. Again, a 
term may be found serviceable even if its meaning 
is not entirely precise, as we see in the chemical 
notion of valency. Earlier concepts have had to be 
modified in the light of the electronic structure of 
the atom, yet they are still workable enough in the 
consideration of many of the simpler chemical phe- 
nomena, and a more precise formulation would in 
such cases be more trouble than it is worth. W. G 


Penney says (J5): 


If it were possible to work out in practice, instead 
of only in principle, the interactions and the energy 
of any system of atoms, the need for introducing 
the concept of valency would never arise. 


Historically, however, matters did not proceed in 
this way, and utility is even now sufficient justifi- 
cation for the concept and the term. 

The mention of osmosis suggests another aspect 
of terminology, the existence of doublets and paral- 
lel forms. Alongside dsmos is the unrelated dsme, 
“odor,” which gives osmium its name: allyl derives 
its first element, not from the Greek allos, “other,” 
but from the Latin allium, “garlic.” Since the num- 
ber of pronounceable syllables in any language is 
limited, such doublets of different origin are un- 
avoidable. On the other hand, parallel Greek and 
Latin forms give rise to words of similar but dif- 
ferentiated meanings; thus, ge and terra for 
“earth” have several derivatives, as have helios and 
sol for “sun,” but selene for “moon” has yielded far 
fewer than luna. Again, in many words sol- is re- 
lated to solus, and even to solvere, producing more 
doublets of different meaning that have to be dis- 
tinguished. In these respects scientific words have 
grown up as casually as any others and exhibit the 
same anomalies and inconsistencies. It must be left 
to the specific case to decide whether the paired 
forms are practically interchangeable synonyms or 
whether they express useful shades of meaning: 
but the mere fact that one has not crowded out the 
other suggests that some purpose is served by both 

The total vocabulary of science, then, is made 
up of the separate vocabularies of the several sci- 
ences, which have grown at times when new dis- 
coveries demanded new names, at a rate that seems 
peculiar to each case. In the more observational 
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sciences, the more attentive examination of objects 
reveals new aspects that seem to demand specific 
names; if other workers see the same need, the new 
terms win more or less acceptance; if not, they fall 
into disuse. Thus, in botany, Joachim Jung, al- 
though he published nothing in his lifetime, intro- 
duced a terminology that was diffused among 
others in the 17th century and initiated a new ap- 
proach to systematic botany (/6). Later the study 
of tissues and cells, aided by new microscopic tech- 
niques, brought to light a whole series of new facts 
for which names had to be provided. When one 
branch of science comes into contact with another, 
a fresh range of possibilities may emerge, and a new 
complex terminology may be built up. Today phys- 
ics has thus spread in many directions, and we have 
astrophysics, geophysics, and biophysics, to name 
no others. The use of artificial radioisotopes to 
combat disease and to trace the minute processes 
of growth is only one conspicuous example out of 
many. 

A final example may be taken from geology. 
Many names of minerals go back to antiquity, 
others are given from their discoverers; many for- 
mations are named from the districts where they 
occur, often in casual and haphazard fashion, and 
descriptive terms have multiplied to an often em- 
barrassing extent (/7). Thus the Karst region of 


Dalmatia has provided a generic term for its type 
of limetsone formation: but, as a recent study (/8) 
notes, its features are so distinctive 


.. that there have grown up parallel elaborate sys- 
tems of nomenclature, deriving from local vernac- 
ulars, for the description of land-forms, etc. As a 
result, British, French, and German writings on the 
subject are exasperatingly studded with Serbian 
and other words which have taken on the status of 
technical terms. . . . It is interesting that the paral- 
lel local systems exist, but it should be unnecessary 
to burden writings in any one language with a poly- 
lingual jargon of ugly and ambiguous terms. 


How far this condition can be corrected, however, 
remains to be seen, since, as we have noted, it is 
often easier to establish a terminology than to im- 
prove it. 

Thus the vocabulary of science is revealed as a 
vast and varied store of words gathered from many 
sources but with a preponderance of terms derived 
from Greek and Latin and diffused, by the spread 
of scientific activity, into most of the modern West- 
ern languages. Many of them are practically identi- 
cal in the different tongues, but others, especially 
if they go back for a considerable period, are more 
or less modified in accordance with the charac- 
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teristic sounds or endings of a particular la ‘ag, 
The existence of this body of related wo. ‘s ha 
sometimes been said to constitute the bas of 
proposed international language, but the cle .y js 
shaky one. As we have seen, many of the tc ms j; 
question are nouns, and no language can ge: alo; 
with nouns exclusively. Let us admit, for in 

that zinc has been an “international” term {: 

300 years; but suppose we want to say son 
about zinc—where the best ores occur, ho 
may best be treated, or any number of 
questions. The mere fact that the word zin< 
erally known does not carry us very far, and 

are no international terms for gold and iro: 
truth is that the supposed international vocal 

is the product of historical accident, not o! 
scious and careful choice. 

The case for the latest proposal in this directio: 
was recently presented in these pages (19), and | 
need here point out only one weak spot in it. Alex 
ander Gode declares that the little sentence-build- 
ing words of English are rarely replaceable by 
Romance doublets, but that on the whole they pe: 
form comparable functions and correspond fair) 
well to Romance words. That is, they correspon 
when their functions are similar; but how should 
they do otherwise? But inspection of the Inter 
lingua dictionary reveals that the words that serv 
these connective and adverbial functions are 
most cases taken directly from Latin, for the simp 
reason that they are not uniformly represented i1 
the modern languages from which “Standard Aver 
age European” is supposed to be extracted. Thes 
are the words that largely make connected dis- 
course possible; and if they remain in their Latin 
forms, why go through the laborious process of de- 
vising for other words “average” forms which in 
most cases look merely like Latin gone more or less 
wrong? This boiling-down process has never yet 
been found acceptable on a large scale, although 
attempts have often been made; nor is it clea 
that there is any strong demand for it on the part 
of working scientists. 

If we give up the search for a professedly new 
language, is there still room for improvement in 
the languages we now have? Certainly there 1s: 
but it is more likely to be brought about by small 
changes than by sweeping ones. Faraday’s single- 
handed installation of terms is much less typical 
than the casual confusion that attended the naming 
of the new particles, and there seems to be no g°\ 
erning machinery by which the adoption of a te: 
can be either encouraged or discouraged. In 1! 
Charles Sanders Peirce wrote to William Jane 


(20): 
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d= dis- 
Latin 
of de- 
ich in 
or less 
Tr yet 
1ough 
clear 


» part 


a 1S: 
small 
nele- 
ical 


Surely 


indispensable requisite of science that it 
ave a recognized technical vocabulary, 
| of 
are not tempted to use them. . 
id reflect seriously upon the moral aspect 


sO unattractive that loose 


.. I wish 


words 


ology. 


\attractiveness is not a necessary attribute 
ity; and Peirce can hardly have believed 
ntific terms can be restricted to a charmed 

initiates. Anyone can use a word if he 
, subject to the peril of misusing it if he 
does not wholly know what he is talking about; 
but in the world as it is the words of science must 
take their chances with the rest. 

So far as individual words are concerned, they 
prove their fitness by surviving, and if they do sur- 
vive, little more can be said. They may be unat- 
tractive, they may be illogical, but if they make 
their way, neither taste nor logic can furnish much 
opposition. Antibiotic is neither very attractive nor 
it seems to be well established. 


of mo! 
that s¢ 
“> 
circit 


wants 


very clear, but 
Would anyone seriously urge replacing hydrogen 
by protium because the latter is a logical mate for 
/euterium? It would be much if we could exclude 
words that are forbiddingly impersonal, the ex- 
treme hybrids and abbreviations which a recent 
writer (27) has aptly called “shadowy and _ in- 
human devices appearing and disappearing in that 
strange border country which separates speech from 
the mathematical sciences.” Where possible, tech- 
nical terms should not be too closely crowded in 
any passage; they need a little air around them, 
inless their sole purpose is to convey information 
as impersonally as possible—a purpose that can 
be overdone. The most severely technical words 
have to consort with those of a less austere sort, 
and the judicious writer should pay some heed to 
making them get along amicably. 

After all, there is no reason to suppose that to 
talk or write about the things that scientific terms 
denote is essentially different from talking or writ- 
ing about anything else. Certain aspects of the 
material may require special care in presentation, 
ind no doubt certain concepts are not to be under- 
stood at first sight; but there are plenty of well- 
written scientific books, and if there are dull scien- 


tific articles, there are plenty of dull novels too. 
There is no virtue in excessive complication, but 
equally there is none in trying to make compli- 
cated matters appear simpler than they are. Each 
topic must be approached on its own merits, and 
both writer and reader must be disposed to give it 
a fair chance. The literary problem here is not dif- 
ferent from what it is in other fields, and nothing 
is gained by supposing that science occupies a 
peculiar position. It does not require a language of 
its own, but should take its place alongside the 
other branches of human endeavor, and work out 
its destiny by the same means that they command. 
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ASSOCIATION AFFAIRS 


INTERNATIONAL ARID LANDS MEETINGS IN NEW MEXICO 


A major effort to advance international cooperation 
of scientists from many fields in study of the future of 
arid lands will be made in New Mexico this spring. 
The American Association for the Advancement of 
Science is sponsoring an International Arid Lands 
Symposium and Conference in three parts. The sym- 
posium will be held at the University of New Mexico 
in Albuquerque on 26-29 April, a field trip in the Rio 
Grande Valley between Albuquerque and E] Paso will 
take place on 30 April and 1 May, and a conference 
for a smaller group will be held at the New Mexico 
Institute of Mining and Technology in Socorro on 
2-4 May. 

The idea for such a gathering came from the Com- 
mittee on Desert and Arid Zone Research of the South- 
western and Rocky Mountain Division of the associa- 
tion. It was approved last summer by the national 
AAAS board of directors which then sought support 
for carrying out the project. Helpful grants toward 
the cost of the symposium and conference since then 
have been received from the National Science Founda- 
tion and the Rockefeller UNESCO 
granted funds toward the cost of travel of foreign par- 
of its Advisory 


Foundation. has 
ticipants and has convened a meeting 
Committee on Arid Zone Research in 
at that time so that members of the 
take part. 

Discussions planned for the symposium and confer- 
will build international arid zone 
gatherings of the past 5 years. A broad view of desert 
problems was developed at the Israel conference in 
1952 (Desert Research, Research Council of Israel Spe- 
cial Publication No. 2 (1953)]. Hydrologic questions 
received primary attention at the Ankara symposium 
Proceedings of the Ankara Symposium on Arid Zone 
Hydrology, UNESCO (1953) ). Biologic aspects of des- 
erts, both hot and cold, were considered at London 
Proceedings of the Symposium on the biology and pro- 
ductivity of hot and cold deserts, Institute of Biology 
1954) |. Plant ecology was the central interest of the 
Montpellier Symposium in 1953 [report now in press]. 


the same region 
committee may 


ence upon several 


Solar energy and wind power were the major topics 
in the symposium held at New Delhi last autumn [F. 
Daniels, Science 121, 121 (28 Jan. 1955 

The New Mexico meetings will differ from the pre- 
vious ones in several important ways. They will con- 
centrate attention on the frontiers of knowledge over a 
wide range of interrelated fields. There will be a small 
number of papers—all invited—and substantial time 
for discussion following them. Scientists from different 
fields will address the same problem. 
The final day of the symposium will be devoted to 
discussion in small groups dealing with problems that 
cut across several disciplines. Since the conference must 


themselves to 


be limited in numbers so as to promote fruitful ex- 
change of ideas, participation will be by invitation only. 


The participants will focus attention on a few lines of 
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investigation that seem, in the light of the sy 
to promise benefits from international or 
plinary collaboration. Rather than summariz: 
sults of past work, the discussion will, it is ho; 
centrate upon new directions for research. 
The future utility of the resource base for | 
ments of the arid zone around the world is 
secure. If their occupancy is to be maintaine: 
tended, the exchange and application of present 
mation and underst 
must be won. The fact that the meetings will 


must be accelerated new 
in a region whose future seems closely linked \ 
solution of troublesome questions of salinity, 
and land use should add weight to this emphasis 
It is estimated that from 
countries will take part. The range of the problems | 


scientists more than 
be considered and of the experience of those invited 
give papers is shown in the following preliminary pr 
gram. 

See advertising pages of this issue for registration at 
housing information. For copies of the program or othe: 
information, American Association for the Ad 
vancement of Science, 1515 Massachusetts Avenue, N\\ 
D.C., U.S.A. Cable: Advancesci Was! 


write 


Washington 25, 
ington. 
Givpert F. Wun 
Haverford College, Haverford, Pennsylvania 
Perer C. Duisser 
Desert Products Company and Allied Laboratories 
El Paso, Texas 


Symposium: What Is the Future of Arid Lands? 
26 APRIL 


Evening lecture, 8 p.M. (open to the public). Chai 


man, George W. Beadle, department of biology, Cali- 
fornia Institute of Technology, Pasadena, and president 
of the AAAS, welcome for the Association; The Hon 
orable John Simms, Governor of New Mexico, welcom« 
for the Southwest; Tom J. Popejoy, president of the 
University of New Mexico, welcome for the Univ 
sity; Joe Dennis, department of chemistry, Texas Tech- 
nological College, Lubbock, and president of the South- 
western and Rocky Mountain Division of the AAAS 
welcome for the Division. Address by Homer L. Shantz, 
Santa Barbara, Calif., “History of arid zone develop- 
ment and the problems and potentialities of arid lands. 


I 


27 APRIL 

Technical session I, variability and predictabilit 
water supply in arid regions. Questions: How pred! 
able is precipitation in an arid region? Are there 
tinct drought cycles? What are the prospects for us 
ground water occurrence in arid areas? What is 
practicability of locating and estimating volume 
rate of natural recharge of underground water supp! 
Within a given watershed, to what degree can the w 
sources and water yield be determined? Chairmin 
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Bailey, director, Intermountain Forest and 


» pp 
ss eriment Station, U.S. Department of Agri- 
cultu rden, Utah. 

OA _W. Thornthwaite, director, Johns Hopkins 
Labor y of Climatology, Seabrook, N. J. 

Q: ut. Jean Tixeront, ingenieur en chef des Tra- 
vax lics, Tunis. 

i( Luna Leopold, Water Resources Division, 
Geol | Survey, U.S. Department of the Interior, 
Washington, D.C. 

10 ,.M. F. Dixey, director of Colonial Geological 
Surve Imperial Institute, London. 

10 ym. C. C. Wallén, assistant director, Swedish 
Meteorological and Hydrological Institute, Stockholm. 

10:40 a. M. John H. Dorroh, Jr., hydrologist, Soil 
Conservation Service, U.S. Department of Agriculture, 
Albuq if rque. 

10:50 a.m. Terah L. Smiley, geochronologist, Labo- 
ratory of Tree-Ring Research, University of Arizona, 
Tucson. 


{| a.m. Discussion. 

11:45 a.m. Summary by the chairman. 

Technical session Il, Better use of present resources. 
Questions: What are the possibilities of increasing and 
maintaining sustained production from grass and forest 
lands without accelerating erosion? What are the con- 
sequences of utilizing arid lands beyond their capabili- 
ties? What constitutes wise allocation of available water 
suppiies among the various needs in arid land drainage 
areas? How can production be increased from existing 
water supplies? Can irrigated lands be occupied perma- 
nently? Chairman: Kanwar Sain, chairman, Central 
Water and Power Commission, Ministry of Irrigation 
ind Power, New Delhi, India. 

2 p.m. R. O. Whyte, agronomist, Agriculture Divi- 
sion, Food and Agriculture Organization of the United 


Nations, Rome. 

2:30 p.m. L. N. McClellan, assistant commissioner 
and chief engineer, Bureau of Reclamation, U.S. De- 
partment of the Interior, Denver, Colo. 

> P.M. Hilgard O'Reilly Sternberg, Centro de Pes- 
quisas de Geografia do Brasil, faculdade nacional de 
filosofia, Universidade do Brasil, Rio de Janeiro. 

10 p.m. L. A. Richards, physicist, Salinity Labora- 
tory, Agricultural Research Service, U.S. Department 
of Agriculture, Riverside, Calif. 

):20 p.m, Cyril Luker, field representative, Soil Con- 
servation Service, U.S. Department of Agriculture, 
Washington, D.C. 

}:40 p.m. Raymond Price, director, Rocky Mountain 
Forest and Range Experiment Station, Forest Service, 
U.S. Department of Agriculture, Fort Collins, Colo. 

1:50 p.m. Pedro Armillas, archeologist, Instituto 
Nacionale de Anthropologia, Mexico City. 

p.M. Discussion. 

1:45 p.m. Summary by the chairman. 

Kvening lecture, 8 p.M. (open to the public). Charr- 
n, Peter C. Duisberg, Southwestern Irrigated Cotton 
wers Association and Desert Products Company, and 
lairman, Committee on Desert and Arid Zone Re- 
rch of the Southwestern and Rocky Mountain Divi- 
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sion, AAAS. Address by Charles E. Kellogg, assistant 

administrator for soil survey, Soil Conservation Service, 

U.S. Department of Agriculture, Washington, D.C., 

“Current status of arid zone research and development.” 
28 APRII 

Technical session III, Prospects for additional water 
sources. Questions: How practicable is it to induce pre- 
cipitation? How practicable is it to demineralize saline 
water? How practicable is it to reuse waste waters? 
What are the social and economic implications of these 
programs? Chairman, E. J. Workman, president, New 
Mexico Institute of Mining and Technology, Socorro. 

9 a.m. Edward G. Bowen, chief, Division of Radio- 
physics, Commonwealth Scientific and Industrial Re- 
search Organization, Sydney, Australia. 

9:30 a.m. Sheppard T. Powell, consulting engineer, 
Baltimore, Md. 

10 a.m. W. F. J. M. Krul, professor at the University 
of Delft, and director, Government Institute of Water 
Supply, The Hague, Netherlands. 

10:10 a.m. Vincent J. Schaefer, director of research, 
The Munitalp Foundation, Schenectady, N. Y. 

10:20 a.m. Glenn W. Brier, chief, Meteorological 
Statistics Section, U.S. Department of Commerce, 
Washington, D.C. 

10:40 a.m. H. E. Hayward, director, Salinity Labora- 
tory, Agricultural Research Service, U.S. Department 
Agriculture, Riverside, Calif. 

10:50 A.M. Louis Koenig, associate director, South- 
west Research Institute, San Antonio, Tex. 

11 a.m. Discussion. 

11:45 a.m. Summary by the chairman. 

Technical session IV, Better adaptation of plants 
and animals to arid conditions. Questions: What screen- 
ing procedures would lead to the selection of more pro- 
ductive plant and animal species for arid regions? What 
are the genetic and physiological bases for drought re- 
sistance in plants and animals? What are the prospects 
of increasing drought through genetic re- 
search? How can we develop a program of revegeta- 
tion? What are possibilities in the de- 
velopment and utilization of arid land plants and ani- 
mals? What are the possibilities of maintaining larger 
human populations in arid areas? Chairman, Olaf S. 
Aamodt, technical specialist, plant sciences, Agricul- 
tural Research Service, U.S. Department of Agricul- 
ture, Beltsville, Md. 

2 p.M. Colonel Omar Draz, Egyptian Army Veteri- 
nary Corps, director, Desert Range Development Proj- 
ect, Desert Institute, Heliopolis, Egypt. 

:30 p.m. R. Merton Love, professor of agronomy, 


Agricultural Experiment Station, University of Cali- 


resistance 


the economik 


fornia, Davis. 

3 p.m. Knut Schmidt-Nielsen, professor of zoology, 
Duke University, Durham, N. C. 

3:10 p.m. Enrique Beltran, director, Instituto Mexi- 
cano de Recursos Naturales Renovables, Mexico City. 

8:20 paw Be P. 
search Centre, London. 

3:40 p.m. Michael Evenari, professor of botany and 
vice president, The Hebrew University, Jerusalem. 


Uvarov, director, Anti-Locust Re- 
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Ex 


R. W. 


College of 


Robert B. 


areas,” 


areas, 


ure, 


mn, Canberra, 


monwealth Scientific 


8 P.M. 


+:45 p.m. Summary by the chairman. 
ening lecture, 


3:50 p.m. L. M. Pultz, principal horticulturist, Agri- 
cultural Research Service, U.S. Department of Agri- 
Jeltsville, Md. 


t p.m. Discussion. 


open to the public). Chair- 
man, Gilbert F. White, president, Haverford College, 
chairman, AAAS Planning Committee for the meetings, 
and U.S. member, UNESCO Advisory Committee on 
Arid Zone Research. Address by B. T. Dickson, bot- 


anist, retired chief, 


Division of Plant Industry, Com- 


Australia, 


29° APRU 


Discussion groups. 


challenge 
land research and development for the benefit of man- 


kind.” 


and Industrial Research Organi- 


“The 


of arid 


“Possibilities for drought prediction in arid areas,” 


National 


‘Possibilities 


for weather 


modification 


chairman, Erik K. Reed, regional chief of interpreta- 
Park Service, U 


S. Department of the 
Interior, Santa Fé, N. M. 


and con- 


trol in arid areas,” chairman, S. E. Reynolds, Research 
and Development Division, New Mexico Institute of 
Mining and Technology, Socorro. 


“Prospects for improved estimation of under- 


district 


engineer, 


ground water resources and recharge rates,” 
Sundstrom, 


Ground 
Branch, Geological Survey, U.S. Department of the In- 
terior, Austin, Tex. 


chairman, 


Water 


“Irrigation and industrial possibilities of desalina- 


tion and planned use of saline water,” chairman, T. F. 
Buehrer, head, department of agricultural chemistry, 
College of Agriculture, and Agricultural Experiment 
Station, University of Arizona, Tucson. 


“Possibilities for water conservation and mainte- 


nance of favorable salt balances on irrigation projects,” 
chairman, M. R. Huberty, head, department of irriga- 
tion and soils, University of California, Los Angeles. 


“Prospects for grassland range improvement and 


conservation in arid areas,” 


chairman, K. S. Valentine, 
associate professor of animal husbandry, New Mexico 


Agriculture and Mechanic Arts, State Col- 


“Potential relationships between soil conservation 


practices and watershed yield in arid areas,” chairman, 
Hickok, supervisor, Southwest Watershed 


's, Agricultural Research Service, U.S. Depart- 


ment of Agriculture, Albuquerque. 


“Importance of wildlife conservation in arid 


chairman, Walter P. 


Taylor, visiting lecturer, 
The Claremont Graduate School, Claremont, Calif. 


‘Possibilities for development of drought-resistant 


was Vegas. 


plants for arid areas,” chairman, Lora M. Shields, de- 
partment of biology, New Mexico Highlands Univer- 


“Possibilities for desert plant utilization in arid 


chairman, E. 


Castetter, dean, graduate school, 
and chairman, department of biology, University of 
New Mexico, Albuquerque. 
11) “Possibilities for animal improvement and utili- 





zation in arid areas,’ chairman, H. L. 


Stahr 


Department of Biological Science, Arizona § C; 
lege, Tempe. 
12) “Administrative and legal problems of «. q |, 


development,” chairman, R. H. Walker, de 
director, Agricultural Experiment Station, S 
Agriculture, Utah State Agricultural Colles: 
13) Special symposium and discussion group. “P; 
lems of the upper Rio Grande—a typical ar 
watershed,” chairman and program, to be announ 


30 Aprit—1| May 


Field Trip, the field trip (limited to the first 222 \ 
apply) will leave Albuquerque the morning of 
April and will proceed to El Paso, Tex.. by way of ¢] 
Estancia Valley and White Sands. Major stops will | 
made at White Sands, the malpais area west of ( 


rizozo, and other points. During the evening in F| Pas 
John H. Leasure, chairman, National Convent 
the Cactus and Succulent Society of America, will sh 


colored slides of cacti for those who are interested. 0; 


the return from El Paso to Albuquerque on | May 
the trip will go up the Rio Grande Valley with stops ; 
a large irrigated pecan orchard, a cotton farm, E| 
phant Butte Dam, and other locations. (Further deta 
about final itinerary and arrangements may be obtain 


from Dr. J. Linton Gardner, P.O. Box 127, State ( 
lege, N. Mex., U.S.A. 
2-4 May 
Conference, (attendance by invitation only) H 


institution, New Mexico Institute of Mining and ‘Tec! 
nology, Socorro. 


ASSOCIATION BUSINESS 
The 1954 


SeSSIONS On 


meeting of the Council was held in 


27 and 30 December, on the campus of th 
University of California at Berkeley. President Warre 
Weaver presided. 


Elections and Officers 


The Council elected Paul B. Sears as President | 
and Chauncey D. Leake and Margaret Mead as men 
bers of the Board of 
eral the Association 
Council), including those elected 


is as follow Se 


Directors. The entire list of 


officers of those elected by 
at 


given in parenthe 


earlier meetings 
Expiration dates are 
following the names of officers who 
of more than one year. 


Retiring President and Chairman of the Board of D 


serve for fixed t 


tors: Warren Weaver (1955), Rockefeller Founda- 
tion 
President: George W. Beadle (1956), California 


stitute of Technology 
President elect: Paul B. Sears 

Other members of the 

1955 
1955 
(1956 


(1957), Yale Unive 
Soard of Directors are ] 

Columbia University; Laure 
University of Oklahoma; Mark 


University of Wisconsin; Paul 


R. Dunning 
H. Snyder 


Ingraham 
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n head Klo} 956), Glenview, Illinois; Wallace R. Brode 
State Co 195 tional Bureau of Standards; Thomas Park 
B19 niversity of Chicago; Chauncey D. Leake 
1 lang HE 195 niversity of Texas Medical Branch, Galves- 
deon ang i i aret Mead (1958), American Museum of 
tape, Nat listory; Paul A. Scherer (ex officio), Car- 
C. Log naire itution of Washington; and Dael Wolfle (ex 
P. “Pro ificio), AAAS. 
, Z0r Vii residents and Chairmen of the Sections for 
noUnes 055 A) Mathematics, H. F. Bohnenblust, Cali- 
rn stitute of Technology; 3) Physics, Alan 
lr. Wai. rman, National Science Foundation; (C) Chem- 
as ry. Robert S. Ingols, Georgia Institute of Technology; 
ae: an D) Astronomy, Seth B. Nicholson, Mount Wilson Ob- 
* . r servat E) Geology and Geography, Carl Tolman, 
ey Washington University; (F, Zoological Sciences, J. 
of % Gordon Carlson, University of Tennessee; (G) Botan- 
F] Pee cal Sciences, Lawrence R. Blinks, National Science 
laa: Foun tion; a5 Anthropology, W. Montague Cobb, 
il dine Howard niversity; : I) Psychology, S. S. Stevens, Har- 
ed Os vard | niversity; (K) Social and Economic Sciences, 
Mon Cont id laeuber, Bureau of the Census; (L) History 
st000 ind Philosophy of Science, Raymond J. Seeger, Na- 
nm. El tional Science Foundation; (M) Engineering, Clarence 
disat E, Davies, American Society of Mex hanical Engineers; 
beaten, N Medicine, not yet elected; (Nd) Dentistry, H. 
t Col. lrendley Dean, American Dental Association; (Np) 
Pharmacy, Glenn L. Jenkins, Purdue University; (O) 
\ericulture, John Fielding Reed, American Potash In- 
stitute; (P) Industrial Science, not yet elected; (Q) 
Education, Carter V. Good, University of Cincinnati. 
Host New-section secretaries appointed by the Board of 
lec Directors are (K) Social and Economic Sciences, 
Donald P. Ray (1958), George Washington Univer- 
ity, Washington, D.C., and (Np) Pharmacy, John E. 
Christian (1958), Purdue University, Lafayette, Ind. 
= Affiliated and Associated Societies 
Mf the Upon recommendation by the Committee on Affilia- 
irre! tion and Association and the Board of Directors, the 
Council voted to elect nine new affiliates, to change 
one associated society to an affiliated society, and to 
elect one new associate. New affiliates are American 
ct College of Chest Physicians, American Ornithologists’ 
nem- Union, American Physical Therapy Association, Asso- 
en ciation of Geology Teachers, Endocrine Society, Instru- 
the ment Society of America, National Association for 
ings Research in Science Teaching, Radiological Society 
1eses of North America, Inc., and Scientific Research So- 






ciety of America. 
lhe American Dairy Science Association was changed 






from associate to affiliate status. 
the National 







lhe new associate is Association of 






Boards of Pharmacy. 

\t the end of the year there were 163 affiliated so- 
42 affiliated academies of science, and 53 asso- 
ciated societies, making a total of 258. 






Cle vies, 








Changes in Bylaws 





hanges in the Association’s bylaws may be made by 
Board of Directors but are subject to approval by 









Merch 1955 








Council. The Council approved the following 


New material is in italics.) 


the 
changes. 


Article VI, Section 3: The Southwestern and Rocky 
Mountain Division (organized in 1920) includes mem- 
bers of the Association resident in Arizona, New Mexico, 
Colorado, Wyoming, Montana east of the Continental 
Divide, Sonora, Chihuahua, and Texas west of the 100th 
meridian. 

Article VI, Section 4: The Alaska Division (organized 
in 1951) includes members of the Association resident in 
Alaska and others who meet such requirements as may 
be established by the Division and approved by the Board 
of Directors. 

Article VI, Section 5: 
its expenses an annual allowance not to exceed one dollar 
for each of its members who is an AAAS member in good 
standing, or three hundred dollars ($300) whichever 1s 
larger, and shall make an annual report to the Board of 
and other 


Each division shall receive for 


Directors covering its financial situation ac- 
tivities. 

At the time of the 1953 meeting, the constitution and 
bylaws under which the Association operates had been 
in effect for 1 year. In order to secure a general review 
and in order to correct some difficulties, a special com- 
mittee on Constitution, Bylaws, and General Operations 
was authorized at the 1953 meeting. The chairman, 
Wallace R. Brede, presented a preliminary report in 
which he described the nature of the changes which 
the committee had considered and asked for advice and 
recommendations from the Council. The discussion led 
to agreement that the committee would propose spe- 
cific changes for action in 1955. 

The text of several resolutions passed is given in the 
18 February. 
Committee 


issue of Science for 
The National Citizens 


Television presented the Association with a citation 


for Educational 
for its assistance in advancing the cause of educational 
television. On behalf of the Association, the citation 
was received by John A. Behnke, Associate Adminis- 
trative Secretary. 

Council discussed at some length possible alternative 
methods of electing the Association’s president elect. 
Consideration was given to the question of whether 
election should continue to be by the Council or should 
be broadened so that all fellows, or perhaps even all 
members, would have the privilege of voting. Also dis- 
cussed were methods of securing more extended consid- 
eration of the candidates from among whom the Coun- 
cil would select a president elect, as were methods of 
larger fraction of the Council 
than is After 
discussion of several specific proposals, none of which 


securing votes from a 
usually present at an annual meeting. 
came to vote, 
considered by the Committee on Constitution, Bylaws, 
and General Operations, and that at the 1955 meeting 
the Board of Directors should submit one or two spe- 
cific proposals for Council consideration. 

The chairman of the Association’s Building Commit 
tee, John R. Dunning, the 
building that the Association plans to erect and indi- 


it was agreed that the problem should be 


described headquarters 
cated that construction would start about 1 April 1955. 
In a discussion of the financing of the new building it 
was pointed out that most of the cost could be met 
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from the surplus of income over expenses in prior years. 
The chairman of the Publications Committee, Paul 
B. Sears, reported that Duane Roller, who served as 
editor of Science and the Scientific Monthly since De- 
cember 1953, had resigned and that, pending the com- 
pletion of more permanent editorial arrangements, the 
Board of Directors had asked the Administrative Secre- 
tary to serve as Acting Editor. 
DaEL WoLFLE 
Administrative Secretary 


REPORT OF THE BERKELEY MEETING, 
26-31 DECEMBER 1954 


The 121st meeting of the American Association for 
the Advancement of Science—unique in that it was the 
Association’s first national winter meeting west of the 
Rockies and also the first time in many decades that 
the AAAS has been able to meet, almost exclusively, 
upon a campus—was a truly memorable occasion. Al- 
though, inevitably, the housing accommodations were 
more scattered and less convenient than can be offered 
by the large hotels of a great city, this was offset by 
economies in cost, and the meeting was a decided suc- 
cess in all essential respects. It will long be remembered 
as one of the most pleasant, fruitful, and significant 
in the history of the AAAS, 

Not only was this the largest diversified scientific 
meeting ever held on the Pacific Coast but it was one 
of the largest meetings ever sponsored by the Associa- 
107th 
more 


tion, now in its year. There 3856 paid 
AAAS than in any year the 
exceptional 1949 meeting in New York. The Associa- 
tion does not make registration mandatory so it is 
probable that at least 4500 scientists, science teachers, 


were 


registrants, since 


and other science-minded persons were in attendance 
the week of 26-31 Dec. 
ited the exhibits. 

In rich variety and high quality, the programs of the 
Berkeley meeting were impressive. No principal field 


An additional 3612 persons vis- 


of science was neglected. There were programs for 
specialists arranged by large societies in these fields 
and by some of the Association’s sections. Characteris- 
tic of AAAS meetings, other sections and many of the 
participating societies organized strong interdisciplinary 
symposiums which brought diverse specialists together 
to consider areas of common concern. Of interest to 
all scientists, such important matters as air 
pollution, scientific editorial problems, scientific man- 


nearly 


power, the shortage of science teachers, and national 
security were presented to appreciative audiences. There 
were also all the customary features expected at AAAS 
meetings—outstanding evening addresses, the latest sci- 
films, large-scale exhibits, and, on the last eve- 
Jiologists’ Smoker with refresh- 


entific 
ning, the traditional 
ments. 

Despite the record-breaking number of 105 sympo- 
siums, groups of invited papers, and panels, apparently 
all programs had audiences satisfactory to their chair- 
men. Indeed, there were numerous instances of expec- 


196 


tations exceeded, which in some cases necessit 
minute changes to a larger session room. In a: 
the programs of the AAAS sections, an unpre 
number of 90 societies and other organization 


/ 


pated, 57 with programs of their own, the 

official cosponsors. One result was still anothe: 

the AAAS General Program-Directory reached 

precedented size of a 17-0z book of 420 pages. 
Among the memorable events of the Berkel 

ing were the AAAS presidential address and r ptior 

28 Dec. President Robert Gordon Sproul’s remark 

when, as host and general chairman, he welconied th 

AAAS to the campus, were delightful in their 

and humor. Following President Warren Weaver's }; 

troduction of the retiring president, E. U. Condon , 

ceived a spontaneous standing ovation prior to delivey 


armt! 


ing his address, “A half century of quantum physics 
Not only was the auditorium of Wheeler Hall filled | 
capacity with some persons standing, but two add 
tional rooms equipped with public address system 
were also filled beyond normal capacity. The AAAS 
reception that followed in nearby Stephens Memori 
Union was thoroughly enjoyable, with refreshments 
arranged by Mrs. Sproul. Representatives of the Ch 
nese and South African associations for the advance- 
ment of science were among those in the receiving lin 
The previous afternoon, Mrs. Sproul and Mrs. Clark 
Kerr had entertained some 400 ladies attending th 
meetings at tea in the Women’s Faculty Club. 

A significant occasion was the all-afternoon prograi 
for 850 selected high school students from the Sai 
Francisco Bay area interested in science as a caree! 
sponsored by the Association’s Academy Conferenc: 
and held on the new campus of San Francisco Stat 
College, a cosponsor. On 28 Dec. this audience o! 
scientists of tomorrow enjoyed addresses and expe! 
counsel on opportunities and careers in science fron 
Warren Weaver and Harry C. Kelly, the GE “Tous 
of Magic,” a panel, “Youth looks at science,” 
erated by James Stoney, and special film showin 
Nature’s Half Acre and Water Birds, through the cour 
tesy of Walt Disney Productions. Local chairmen 
charge of the entire project were Eugene Roberts 
president of the California Science Teachers Associa 
tion, northern section, and Robert Stollberg, professo 
of physical science and education at San Fran 
State College. This Ninth Junior Scientists Assembly, 
especially arranged, was a departure from previous 
programs and marked the intention of the Associatior 
to do more for precollege science students at its annua 
meetings. 

AAAS general symposium. In Feb. 1954, the AAAS 
Symposium Committee, consisting of 19 
West Coast scientists, Warren Weaver, and the w: 


prom 


ex officio, met in Berkeley to plan the General 5 
posium of the 12Ist meeting. One three-session gen 


symposium, Science and Society, was decided uj 


and separate program chairmen were chosen to orga! 
each part, scheduled for 4 p.m., 27—29 Dec., inclus 
Part I, “Natural arranged by Louis 
Slichter, speakers, Farrington Daniels, Evan Just 


resources,” 


THE SCIENTIFIC MONTHLY 





d last. 


ion t 


lented 
artic}. 


LETS a¢ 


( ord 


le up. 


Meet 
CPption 
emarks 
d the 
Warmth 
ndon re 
» live, 
physics,’ 
filled ti 
VO addi 
Systems 
e AAAS 
femoria 
sshments 
he Chi 
‘vance. 
ing link 
© Clark 
ing the 
rogran 
he Sal 
Caree) 
ference 
» State 


expert 
fron 
House 


; 
mod 


| Cour 
en ol 
yberts 
socla- 
fessor 
ICISCE 
mbly, 
VIOUS 
ation 


nual 


\AS 
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d J. G. Harrar; part II, “Population prob- 
ced by Curt Stern, speakers, Curt Stern, 
_and Alan Gregg; and part III, “Science 
hought and action,” arranged by Roger R. 
eakers, Joel Hildebrand, Bart Bok, and 
Yeumann; all these sessions enjoyed apprecia- 
CCS. 
mposiums. At Berkeley, the sections and so- 
ether scheduled 105 symposiums, groups of 
pers, panels, or other sessions centered about 
ir theme. The number is larger than that for 
sus AAAS meeting—the previous high was 
Louis. Of the total 368 sessions of all types, 
iation and its sections arranged 52 sessions 
siums (217 papers) and 33 for 216 contrib- 
rs; 30 of the participating societies scheduled 
405 and 64 for 


B invited 


a parul 


ns for symposiums papers 


' 518 contributed papers. 


Conferences. There are at three recurrent 
conferences at AAAS meetings. The Academy Confer- 
nce made up of the official delegates of the 42 acad- 
emies of science affiliated with the Association had a 
fruitful day of reports and round-table discussions, an 
address on the National Science ‘Talent 
Search by Margaret Patterson, and a dinner with a 
presidential address by Wayne Taylor. The Conference 
on Scientific Manpower that met at Berkeley for the 
fourth time on an organized basis held two sessions. 
[he third Conference on Scientific Editorial Problems 
increased its sessions to four. 

Special sessions. The distinguished evening addresses 
that add so much to meetings of the Association each 


present 


i 


aiternoon 


year were continued at Berkeley and, without excep- 
m, all had large and responsive audiences. In chrono- 
gical order, the speaker for the National Geographic 
Society's annual lecture and color motion picture was 
W. Robert Moore; his subject, “Five-star Burma,” was 
enjoyed by some 3400 persons in the Berkeley High 
School auditorium, The 15th annual 
United Chapters of Phi Beta Kappa with the AAAS 
was delivered by Conway Zirkle; his subject, “Our 
pro- 


address of the 


splintered learning and the status of scientists,” 
vocatively phrased, was an eloquent plea for a much 
broader and better integrated foundation in the liberal 
arts training of scientists. The AAAS presidential ad- 
dress, E. U. Condon’s “A half century of quantum 
not only was a scholarly review of develop- 
this field but 
anecdotes that revealed how the author’s own interest 
began. The annual address of the Society of the Sigma 
Xi, the latest in a series that began in 1922, was given 
by one of the University of California’s own scientists, 
Nobel prize winner Edwin M. McMillan, who spoke 
on “High-energy physics.” The seventh annual address 
of the Scientific Research Society of America, “Science 
and progress?” delivered by Vannevar Bush, dealt with 


phy Sic "tie 


ments in was enlivened by personal 


science and national affairs, especially the need for a 
better system of national security. An additional special 
session at Berkeley was an afternoon address, 30 Dec., 
Pacific Board. Alexander 


arranged by the Science 


Spoehr’s subject, “The Human background of Pacific 
science,” rounded out a brilliant series of public lec- 
tures at the Berkeley meeting. 

Attendance. The total of 3856 paid registrations at 
Berkeley is some 4 times the registration totals of the 
June meetings of the AAAS Pacific Division. A geo- 
graphic analysis of these registrants is given in Table 1. 

An analysis of the subject fields of the registrants and 
of the additional visitors to the exposition is given in 
Table 2. 

Physical The Berkeley 
joyed both exceptional physical facilities and the 
cient many skilled 
exaggeration that literally all the resources of the great 


meeting en 
efh- 


persons. It is not an 


arrangements, 
services of 


University of California were placed at the disposal ot 
the Association by the general chairman of the meet- 
ing, Robert Gordon Sproul. This meant not only class- 
rooms, 58 of which were used for sessions, gymnasiums, 
trained 


residence halls, and cafeterias but also highly 


men and women at all levels. 
Men 


The 


The centrally located, large Gymnasium for 


was an admirable center for the entire meeting. 


Table 1, Distribution of registrants by states and countries 


Texas 26 
Utah 48 
: Virginia 8 
California 2904 Washington 100 
Colorado 29 West Virginia 

Connecticut 12 Wisconsin 

Delaware 1 Wyoming 

District of 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Jersey 
New Mexico 
New York 
North Carclina 
North Dakota 
Ohio 
Oklahoma 
—— Total, territorial 
Pennsylvania andl: taweion 
Rhode Island : Z 


Total registration 


Alabama 
Arizona 


Arkansas ) 


Columbia 39 


Total, continental 
CS: 


Al iska 
Australia 
Brazil 
Canada 
Egypt 
England 


Formosa 
France 
Germany 
Hawaii 
India 
Israel 


— ee te ee 


Japan 

Korea 
Mexico 
Netherlands 
Norway 

Peru 
Philippines 
South Africa 
Spain 
Venezuela 


r 


r 


Tennessee 











lobby contained the AAAS Registration and Informa- 
tion Centers and the main corridor next to it afforded 
space for a variety of tables for society registrations, 
room assignments in the residence halls, sale of tickets 
for meal functions, signing up for tours, and the like. 
The basketball floor, carefully covered with a heavy 
tarpaulin, was the locale of the Annual Exposition of 
Science and Industry. Large rooms near the exhibit 
housed a lounge, in which light refreshments 
available, and the Visible Directory of Registrants and 
check room, The AAAS Science Theatre occupied a 
room at the other end of the central corridor. For this, 


were 


excellent projection facilities were provided; and, typ- 
ical of the thoughtfulness and thoroughness of the 
Committee on Physical Arrangements, those attending 
the theatre enjoyed comfortable leather-covered seats, 
which came from virtually every faculty office in the 
university. 

Through the cooperation of the University Food 
Services, those who roomed in the residence halls en- 


Table 2. 


Attendance by subject fields. 


3612 
compli- 
mentary 
admis- 


3856 
regis- 
trants 


Subject 


sions 

Mathematics and statistics 81 
Physical sciences 

Physics 394 

Meteorology 6 

Astronomy 

Chemistry 

Geology and geography 
Engineering and industrial science 
Biological sciences 

Plant pathology and mycology 

Other botanical sciences 

Ecology 

Limnology, oceanography, ichthyology 

Genetics and cytology 

Microbiology 

Zoological sciences 

Biology (in general, and other 
Agriculture and conservation 
Medical sciences 

Bacteriology and virology 

Biochemistry and nutrition 

Biophysics 

Physiology 

Dental research 

Pharmacy, pharmacology, toxicology 

Medicine (in general, and other) 


— 
a ee 


Psychology 

Anthropology 

Economic and social sciences 
History and philosophy of science 
Science teaching and education 
Scientific editorial problems 
General 

No field indicated 


na 


rh 
Ovo 


ho 


is 
<= 
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Total 3856 3612 


joyed breakfasts “in” before leaving for 
their choice. Coffee and light refreshments 
able during the day in the lounge of the (¢ 
for Men in the attractive new Alum: 


which served as a meeting place for all. The 


and 


Cafeterias, which served all meals and took 
multaneous banquets, were a convenience mi 
ciated by the attendance. 

Housing facilities. Although, of necessity, « 
tor could not enjoy a single room (relative 
at any convention), the hotels and motels of 
in conjunction with the university residence 
International House, proved adequate housin 
modations for those who traveled to the meetin 
commuting distance. An admirable job of p 
the many 
was done by the staff of the Convention Bureau 
Berkeley Chamber of Commerce, headed by Wel 
Vance. His help in this and throughout the 
gratefully acknowledged. 

AAAS public information service. The AAAS Pres 
Room utilized the facilities of The Daily California 
in Eshleman Hall. Those who visited this busy roo 


applications for housing accomm 


during the meeting gained some impression of the eff 
cient way in which science writers and other report 

were provided with releases during the meeting 

Sidney S. Negus, AAAS Director of Public Informa- 
tion. The Association is indebted to George C. Tenney 
of the McGraw-Hill Publishing Co., chairman of t! 
Public Relations; to Daniel M 
Wilkes, science writer of the university; to Nancy Ken 
who admirably handled radio and TV; and to mai 
others for their invaluable assistance in helping to mak 
possible the fulfillment of one of the principal objectiv: 
of the AAAS—to increase public understanding and a 
preciation of the importance and promise of the met 


local Committee on 


ods of science in human progress. 

Reports and news of the Berkeley meeting in mag 
zines will continue to appear during the year. One 
the first of these was the first six pages of Life for 
Jan. 1955. 

AAAS Science Theatre. Beginning Monday morning 
27 Dec., and ending Thursday afternoon, 30 Dec., 1 
eight programs, each 4 hours long, 47 of the latest 
foreign and domestic scientific films were presented 
Each title was shown twice, with two exceptions o! 
films shared with AAAS sections and for which other 
films were substituted. 

Annual Exposition of Science and Industry. The 1954 
Annual Exposition of Science and Industry with its 
105 booths was a decided success in the opinion of th 
exhibitors, who are the final judges. For an hour prior 
to opening time, 2 p.M., 27 Dec., people had gathered 
the When at last it 
people radiated through all the aisles, as one obs 


before entrance door. opened, 
put it, “like logs filling a mill pond when a Jumbet 
drive is on.” Thereafter, during the 4 days the exh bits 
were open, booth traffic was heavy and satisfactor 
The visitors were seriously interested in the latest (ols 
and techniques of science and industry, and the ex 


tors were pleased with their response. 
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s of most of the 66 exhibitors and descrip- 
eir exhibits appeared both in the General 


jirectory and in the preconvention issue of 


rey 
: ; ose that did not are listed here: 
NE 1 Naval Air Station 
C: ia State Department of Public Health (spon- 
by the Kaiser Steel Corp. ) 
C1 Zellerbach Corporation 
En paedia Britannica, Inc. 
Gree. Books of the Western World 
Hazatrol, Inc. 
Nat Laboratories 
University of California History of Science Library 
University of California Press 
As in past years, we are indebted to the Special Librar- 
ies Association, this time the San Francisco Chapter, for 
supe! ing the Science Library. 


Work of the local committees. The officers and staff 
of the Association realize the magnitude of the excep- 
tional services rendered the AAAS and the attendance 
by all the local committees. Sproul, who accepted the 
general chairmanship in 1953, appointed the several 
local committees early in 1954 and, with the assistance 
ff the executive secretary, George A. Pettitt, kept in 
close touch with their work. It was obvious to those in 
attendance that all phases of the meeting were operat- 
ing with unequalled smoothness. In a very large meas- 
ure, this was due to the caliber of the Committee on 
Physical Arrangements and the degree of planning, 
supervision, and personal assistance all its members 
contributed, Particular mention is made of this com- 
mittee’s chairman, Richard H. Neddersen, acting busi- 
ness manager of the university, for he chose his fel- 
low-members carefully, organized all details soundly, 
and, when the meeting began, virtually moved into 
1e AAAS Office, where he solved a multitude of small 
vexations systematically and with expedition. He was 
ably assisted by Joseph W. Hutchison, principal super- 
intendent of grounds and buildings, and J. E. Lateana, 


principal audio-visual specialist, who, respectively, su- 
pervised the supply of physical equipment and projec- 
tion. Ruth N. Donnelly, housing supervisor, not only 
organized the use of the residence halls but 
materially with the AAAS reception and other social 
aspects of the meeting. The employees of the univer- 


assisted 


sity without exception were efficient, cooperative, and 
friendly to an unparalleled degree. The writer, the As- 
sociation, and those who attended are especially in- 
debted to those employees, faculty members and their 
members and friends of the Association, and 
students who volunteered their services. 

[he splendid services of the Committee on Public 
Relations has been mentioned. The extent of the con- 
tribution of this committee was apparent to all who 
visited the press headquarters or read the newspapers 


Wives. 


of the Bay area. 

he Committee on Exhibits, under the chairman- 
ship of Robert K. Cutter, president of Cutter Labora- 
tories, worked hard from March on to interest local 
industries in taking booth space. To this committee and 


ch 
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Arthur K. Beckley of Cutter Laboratories, which ab- 
sorbed all costs for local promotion of the exposition, 
goes the credit for securing representation from so 
many West Coast firms. 

The Committee on Finance, with James B. Black, 
as chair- 


yresident of the Pacific Gas and Electric Co., 
I - 
funds to 


man, fully realized its objectives in raising 
assist with the expenses of the meeting. The contribut- 


ing firms were: 


Allied Chemical and Dye Corp., General Chemical 
Division 

American Forest Products Co. 

American Trust Co. 

Bakelite Co. 

Bank of America 

Bechtel Corp. 

Bishop Oil Co. 

Braun-Knecht-Heimann Co. 

California and Hawaiian Sugar Refining Corp. 

California Packing Corp. 

Calveras Cement Co. 

Carbide and Carbon Chemicals Co. 

Columbia-Geneva Steel Division, U.S. Steel Corp 

Crown Zellerbach Corp. 

Dean Witter and Co. 

Dow Chemical Co. 

Electro-Metallurgical Co. 

Fibreboard Products, Inc. 

Food Machinery and Chemical Corp. 

General Electric Co. 

General Metals Corp. 

Haynes Stellite Co. 

Henry J. Kaiser Co. 

Hercules Powder Co. 

Honolulu Oil Corp. 

Ideal Cement Co. 

Johns-Manville Corp. 

Kaiser Aluminum and Chemical Corp. 

Kaiser Engineers 

Kaiser Steel Corp. 

Kern County Land Co. 

Levi Strauss and Co. 

Linde Air Products Co. 

Monsanto Chemical Co. 

National Carbon ( 

Pabco Products, Inc. 


) 


Pacific Gas and Electric Co. 

Pacific J elephone and |] elegraph Co 
Permanente Cement Co. 

Schlage Lock Co. 


Shell Oil Co. 

Spreckels Sugar Co 

Standard Oil Company of California 
Stauffer Chemical Co. 

Union Oil Company of California 
Westinghouse Electric Corp 


To these should be added contributions made by the 
Hotel Claremont of Berkeley and by the United-Carr 


Fastener Corp. of Cambridge, Mass., the latter made 
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to the AAAS for any worthy purpose and applied to 
the Berkeley meeting. The Association gratefully ac- 
knowledges these contributions and expresses its deep 
appreciation to all members of the local committees. 


Awards and Prize Winners at the Berkeley Meeting 


AAAS 27th Cleveland Prize of $1000 
Daniel H. Alpert, research physicist, Westinghouse 
Electric Corp., for his paper, “Experiments at very 
low pressures,” 


Newcomb 


read before a joint session of the 
American Physical Society and Section B; 30 Dec. 

AAAS 10th Theobald Smith Award in the Medical 
Sciences, given by Eli Lilly and Company—$1000, 
a bronze medal, and $150 travel expenses—Winston 
Harvey Price, associate professor of biochemistry, 
School of Hygiene and Public Health, Johns Hopkins 
University, for his epidemiological studies on Rocky 
Mountain spotted fever and typhus; presented in ab- 
sentia at a session of Section N, 27 Dec. 


Scientific Research Society of America—4th 
Procter Prize of $1000 Bush, 
Carnegie Institution for 
achievement and distinction in scientific ad 
tion; presented at the annual RESA address 

Cranbrook Institute of Science—Mary So, 
medal—Irving W. Bailey, professor of pla 


Vannevar 
of Washington, 


omy, Harvard University, for distinguished 
botany; presented at the botanists’ dinner sx 
by Section G and cosponsored by the Ameri 
ciety of Plant Physiologists, western secti 
Sotanical Society of America, Pacific secti: 
the Mycological Society of America. 

John Scott Award—Robley C. Williams, resea: 
physicist, Virus Laboratory, University of Cal 
presented at the end of the symposium on “Viruses 
of Section C and the American Chemical § 
California section. 


lety 


RayMOnpD L, Taytog 
Associate Administrative Secretary, AAAS 


SW 
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Time and Ethics 
Adolf Griinbaum [Sci. Monthly 79, 13 (1954 
presented a reasonable argument for scientific natural- 


has 


ism, provided that we grant the validity of his premises. 


Of these, the limitations of space permit the discussion 
of only one, “the Deity itself must have been created at 
one time. .. .”’ Of his conclusions, I shall also consider 


only one, theism [fis not] . . . logically necessary 
as an axiomatic basis for ethics.” 

Consider what time is. Time is the product of motion. 
Without motion there would be no time. What is mo- 


tion? 


In a simple aspect it is change of position, say, 
from here to there. Formally, motion is the act of pass- 
ing from the possible to the actual. Now I am here. If it 
is possible for me to go there, and I do so, I have 
moved. It is now not possible for me to go there be- 
am there. 
there and thereby render it possible for me to return 
there. 


cause I now I can, of course, move from 
But let us say that I remain there; I moved 
from possibly being there to actually being there. This 
is motion, and as such it is concerned with any change 
from potency to act. If there is no motion, there is no 
time. 

It involves no contradictions to postulate a Being to 
Whom, in this sense, nothing is possible because He is 
pure act; and to postulate that He is immutably in this 
state. Then for such a Being there would be no such 
thing as motion, no such thing as a creation of this 
Jeing at an instant in time. 

If there need not be a moral 
ethics, then there must be some good reason for adher- 


theological) basis for 


ing to a set of ethical principles. The promotion of the 
common good would, for example, be a reasonable 
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basis. But surely I as an individual would properly have 
an interest in my own good. And surely if these two 
interests were in conflict I would be foolish not to put 
my own interests first. Even though I (and all the rest 
of the individual members of the human race) might 
not go to extremes in favoring my (their) own good, it 
is patent that we would soon reach a chaotic condition 
Therefore it is necessary, for the common good, that 
we at least postulate an external ethical standard. And 
since it would necessarily be external to all men, it 
would have to be a theological standard. 

Further, I submit that although conditions t 
might properly be called chaotic, they are in order to 
the exact degree that mankind, as a whole, practices 
the precepts of that set of ethical principles based upon 
the decalogue. 


dav 


Jay A. Younc 
Chemistry, 
Walke s-Barre, 


Department of 
King’s College, 


Pennsylvania 


J. A. Young’s first objection ignores what we have 
learned concerning the relativity of motien since the 
time of Aristotle’s mechanics and cosmology, Gi 
that 
wishes to postulate must, by his own standards, be 
“immutable” with respect to all objects in the universe 
while most of the latter are constantly moving relatively 


motion is relational, the entity which Young 


to one another, Apart from this manifest contradict 
it should be noted that if his description of a being who 
is “immutably” in the alleged “state” of “pure act’ 1s 
to have even a semblance of meaning, this description 
must denote an entity actually possessing all attributes 
whatsoever, including a host of mutually incompati 
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fundamentally, however, I do not see how 
void the conclusion that “pure actuality” 

latively, “pure potentiality”) are meaning- 
hat derive their semblance of meaning from 

which certain specific properties can be 
y said to be present or actual while certain 
ific properties are absent though potentially 
, short, even disregarding the false theory of 
oredient in Young’s first criticism, I submit 
ccount of the being which is “pure act” is just 
ligible as, for example, the sentence, “Yester- 
OO p.m., I laughed at a joke, wrapped my 
eift paper and mailed it to the irrational 
arch bio. eer = 


h William 
sident, 
lentify 
Nistra. 
) De 

Pope 
anat- 
ork in 

“nsored 
in So. 


4 


cond objection rests on a logical blunder in 


alifornia 
Tuses the distributive and collective senses of the 

| are confused, as when Young speaks of “all 
‘ranted that each one of us, taken individually, 

to recognize the interests of the corresponding re- 


and thereby accept an 


Society. 


TAYLop 
), AAAS 


mainder of the community 
ethical standard external to himself, it surely does not 
follow that the imperative to consider the common 
seod would derive its sanction from a source external 
to the entire community of men, taken collectively. And 
ven if Young had succeeded in showing that a theo- 
sical standard is necessary, which he has not, nothing 
would have been gained unless he had also shown why 


‘ly have fH one should accept his particular (Judaeo-Christian) 
ese two standard rather than any one of the many other theo- 
to put gical standards incompatible with his. Since he has 
the rest gnored the various difficulties which I have urged 
might wainst his ethical position on p, 18 of my article, I 
rood, it an only regard his espousal of the ethics of the Ten 
dition Commandments as a form of theological parochialism 


d, that 
1. And 


1¢€n, It 


cultural provincialism. Moreover, his letter fails to 
make clear how the decalogue can yield unambiguous 
nswers to some of the crucial ethical perplexities of our 
time and can thereby provide a basis for social harmony 
today nder 20th century conditions. 
der to ApoLF GRUNBAUM 
Actices Department of Philosophy, 


upon Lehigh University, Bethlehem, Pennsylvania 


Esperanto versus Interlingua 


\lexander Gode [Sci. Monthly 79, 65 (1954)! says 
that Interlingua is not a constructed language. Even 
though he would hate to admit it, Interlingua is as 
Joth of 


have 
" the 
much a constructed language as Esperanto. 
‘them are based on the two same main principles, an 


riven 

oung 
nternational vocabulary and a simplified grammar. 

Being able myself to read English, German, French, 

Spanish, and Esperanto, I can also make some sense 

ut of Interlingua. But his assumption that “. . . all 

ers of a western language... read it at sight as a 

iage familiar to them sounds too good. Hav- 

ecently seen some examples of Interlingua, I am 

nvinced that this is a gross exaggeration. Most people, 

reading Interlingua, would have to use a dictionary to 
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be certain that they were getting the correct meaning. 
And if one has to use a dictionary, one might better use 
Esperanto in the first place, for its vocabulary is much 
simpler than Interlingua’s. 

The most important point I want to make is this: 
although Interlingua can, with difficulty, be read at 
sight, Esperanto can also, and just as easily. 

The only way I can illustrate that point is to give an 
example. Lest it be said that I took an example that 
flatters Esperanto, I will take one used by the Inter- 
lingua people to demonstrate Interlingua. If anything, I 
am prejudicing the example in favor of Interlingua. 


INTERLINGUA 

Energia es necessari pro toto que occurre in le mundo 
In tempores passate le plu grande parte del energia appli- 
cate esseva fornite per le fortia muscular del homines e 
del animales domestic. 

Hodie carbon, petroleo, aqua, e ligno nos da le grosso 
del fortia motor. Vostre musculos e mies es exempte de 
labor nimis dur. 

Fundamentalmente toto le energia de nostre terra veni 
del sol. Le calor e le lumine del sol- octo minutas distante 


de nos in tempore de viage del radiation- es cosa vital. 


ESPERANTO 

La energio estas necesa por Cio, kio okazas en la mondo. 
En pasintaj tempoj, la plej granda parto de la aplikata 
energio provizigis per la muskoloj kaj laboro de homoj kaj 
servaj bestoj. 

Hodiat, karbo, petrolo, akvo kaj ligno donas al ni nian 
gravan forton. Via muskolo kaj mia estas liberaj de tro 
malfacila laboro. 

Fundamente, la tuta energio de nia mondo venas de la 
suno. La varmo kaj lumo de la suno, ok minutojn for de 
ni lati la tempo de vojago de la radio, estas afero necesa 


por vivo. 


Not only can Esperanto be read at sight as easily as 
Interlingua, but it also has a much simpler vocabulary, 
is completely phonetic, and it has already become wide- 
spread. Many magazines and books are published in it, 
the Bible and Kon-Tik?, to mention only two. In addi- 
tion, textbooks and dictionaries are available in many 
languages and Interlingua is just attempting to do a job 
that Esperanto can and is doing better. We need only 
one international language. Esperanto is the best. Why 
not use it? 

RicHarp T, VINESKI 
Elmira, New York 


923 South Az 


enue, 


Interlingua is as 


Espe- 


Vineski makes three points: (i 
much a constructed language as Esperanto; (ii) 
ranto too can be read at sight; (ili) we need only one 
international language. 

Interlingua is an attempt 
to codify the common norms underlying the 


useful but improvable by 
evolution 
major members of the cultural family of languages of 
the Occident. Its appearance is not influenced by sub- 
jective or logical or otherwise extraneous desiderata. 
Esperanto is a system, ideally rigid and practically im- 
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mutable, that operates with a limited number of root 
words selected by Zamenhof and an apparatus of logical 
structural devices which Zamenhof deemed useful and 
which he invented, or developed, or gathered from 
scattered existing languages. It is in general a matter of 
pride with Esperantists that they can claim that their 
language is the construction of one great man. Inter- 
lingua began pointing with pride to its not being con- 
structed after this “weakness” had been attacked by 
dissenting Esperantists. 

The comprehension test proposed by Vineski is un- 
necessarily unfavorable to Esperanto. The Interlingua 
passage was written in order to impress the reader, and 
with a conscious effort to avoid all the stumbling blocks 
that do exist in Interlingua. Furthermore, it is not quite 
fair to Esperanto to make so very clear that most of its 
difficulties get resolved after one has read the same 
passage in Interlingua. 

I disagree violently and passionately with the idea 
that we need only one international language. It is im- 
impossible for free searchers after the better and the 
best to accept the claim that we need one solution for a 


given set of problems. Interlingua serves very nicely in 


certain fields where Esperanto cannot function. Let the 
Esperantists find the spheres where their language is 
service-wise superior to anything Interlingua can do. If 
they find them, Interlingua won't be able to do anything 
about it. 

ALEXANDER GODE 
Science Service, Division de Interlingua, 
80 East 11th Street, New York 


Determinism in Science 

[ have enjoyed reading the excellent articles on psy- 
choanalysis that appear in the November issue of The 
Scientific Monthly, but in the article “On the scientific 
status of psychoanalysis,’ by Jerome Richfield, I find 
what seems to me a rather confused and confusing state- 
ment that is not supported by facts. “. . . the limitations 
set by Heisenberg’s uncertainty relationship on any strict 
application of the principle of causality .. . that science 
is no longer deterministic.” {italics mine], 

This, I submit, is grossly fallacious and misleading, 
for when science ceases being deterministic it will no 
longer be science and man will be unable to build a 
simple bridge. The indeterminism found in the moving 
electron in no way affects the macrocosm or the mass 
movements of things; otherwise it would be impossible 
to predict eclipses, the tides, chemical reactions, and 
other events. In other words, science would have lost 
its most important and fundamental quality 
bility. 

I see no reason then for all this joy among certain 
starry-eyed philosophers and theologians because there 


predicta- 


is indeterminism in the electron, for this does not give 
us the right to believe in free will. It can be said that 
free will is an illusion that must be treated as a reality. 

J. M. Martinez 
769 S.W. 3rd Street, Miami, Florida 


I am inclined to believe that J. M. Martin 
what desire to 
philosophic notions about science. He did not 
that my took no stand on the q 
whether science was or was not determinist 
concerned with simply reporting that sinc: 
philosop! 


overzealous in his preserv: 


article 


widespread disagreement 


scientists over such questions, there could be 


among 


meaning to questions about the scientific statu 
particular field. Martinez is somewhat prejudi: 
“starry-eyed” philosophers; he will find many 
phers who agree with him, many who do not, a 

who are interested in the question without be 
interested in establishing the possibility of the « cistey 
of free will. 

I cannot feel free to speak for the theologians who; 
he thinks should be lumped together with philo yphers 
but as far as most of the latter are concerned, there 
neither joy nor sorrow to be attached to the answers | 
purely philosophic questions. The joy is in philosoph 
ing and not in the particular results. 

Perhaps it should be suggested that Martinez’ 
argument contains a non sequitur. It does not fol] 
from the fact that man can build a bridge or predict 
eclipse that science is deterministic. It is not enoug 
that some events are predictable. We must be in a pos 
tion to state that in principle, at least, all events a1 
predictable. 

There seems to be no justification for the gloom wit 
which Martinez surrounds the position of indeterminis: 
Even if some events in quantum physics are in princip| 
unpredictable, science will continue to be the importar 
useful activity it has always been. 

Jerome Ricuru 
Research Associate in Philosophy and 
Department of Psychiatry, College of Medicine, 
University of Cincinnati, Cincinnati, Ohio 


We publish this discussion because it brings out t 
points of view that are commonly confused by laym 
and scientists alike. In this connection, readers ar 
ferred to Schroedinger’s book, Science and Humanis: 
in which this question is admirably discussed and lit 


D.R. 


ture references are given. 


The Mesozoa 


Since our article, “Strange life of the dicven 
mesozoans” went to press [Sci. Monthly 79, 277 (Nov 
1954) ], 
inclusion in the list of references, an important recent 
article by Horace Stunkard of New York University 
entitled “The life-history and systematic relations o! 
the Mesozoa” [Quart. Rev. Biol. 29(3), 230 (S 
1954)]. In addition to reviewing previous work o1 
group, it presents some original work in the dicye 


there has come to our attention, too late for 


and also proposes a definite taxonomic status for 
Mesozoa. 

3AYARD AND EVELYN McConnavt 
University of Oregon, Eugene 
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Story: Psychiatry and Everyday Life. Fritz 
June Bingham, and Jacob Levine. Knopf, 
k, 1953. xiv + 280 pp. Illus. $4. 


very funny book with a very serious pur- 
was produced by the collaboration of Fritz 
edlic hairman of the department of psychiatry at 
ersity School of Medicine, Jacob Levine, a 
.ychologist, and June Bingham, a free-lance 
) specializes in mental health subjects. It is 
rite ordinary everyday language by June Bing- 
pended is a glossary which defines technical 
both the language of the psychiatrist and the 
The result of this collaborative effort is a book 
t is amusing yet provocative, entertaining but in- 


hat is psychiatry and how is it a part of the 
ryday life of every human being? Psychiatry’s basic 
ries and objectives are clearly explained, and 


SCOV\ 
then are shown in their relation to everyday living. 
Cartoons, 100 of them, and line drawings are effectively 
ised in conveying the concepts of psychiatry that are 
seful in everyday life. 


we decided to let the cartoons work on the 
reader and the reader work on himself. When he 
responds to a cartoon either by a laugh or a frown or 
a glassy stare of noncomprehension, he will be indi- 
cating that something within himself has been 
stirred by the subject matter of that cartoon. What 
might this be? Sometimes he will be able to spot it 
right away; sometimes, not for a while; sometimes, 
never. But all three kinds of reaction on his part 
can be significant. 


\lthough limited, by choice of the writers, to only 
those concepts of psychiatry which are useful in every- 
lay life, The Inside Story does deal to a degree with 
the psychiatrists themselves. 


. the ideal psychiatrist would be a warm and in- 
telligent person, with a good marriage of his or her 
own, blessed, if possible, with children. He or she 
would have been given thorough technical training 
at a good medical school, and would have picked 
up a broad cultural viewpoint. For a doctor to be 
helpful to patients, he must be able to combine 
common sense (developed through his own living 
with uncommon sense (technical training in diag- 
nosis and treatment of mental illnesses); both are 
essential. 


lo anyone (layman, intern, or doctor) interested in 
a better understanding of human beings and their prob- 
ems, I recommend this book. Just as whole-heartedly, 
I recommend it to the reader who would enjoy explor- 
ing the facts (known and unknown) that are a part 
{ his own total personality, because as June Bingham 


wrote, “Everybody, the psychiatrist included, is bound 


to grow up with a certain amount of emotional astig- 
natism, 

James L. McCartney 
en City, New York 
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Fundamental Principles of Bacteriology. A. J. Salle. 
McGraw-Hill, New York—London, ed. 4, 1954. ix + 
782 pp. Illus. $8.50. 

Laboratory Manual on Fundamental Principles of Bac- 
teriology. A. J. Salle. McGraw-Hill, New York—Lon- 


don, ed. 4, 1954. x +176 pp. Illus. + plates. $3.50. 


HIS is the fourth edition of a textbook on be- 

ginning bacteriology for students who have had 
biochemistry or organic chemistry. Obviously it is in- 
tended for students who plan to go further in bacteri- 
ology, rather than for the majority who take only a 
beginning course. This edition continues the increase in 
length that has taken place with each previous edition, 
The number of figures has been reduced from 297 to 
269, permitting the inclusion of more textual material. 
The chapter on the history of bacteriology has been 
omitted, but a chapter on the bacteriology of the sea 
by C. E. ZoBell has been added. 

Most of the chapters have been lengthened to include 
new facts or theories not included in the third edition, 
and a few chapters have been revised completely. Many 
of the headings for various sections within chapters 
have been improved considerably. Structural formulas 
of organic compounds and chemical equations are com- 
plicated and numerous enough to appall the average 
beginning student who must wonder about the purpose 
of some of them. So, for example, there are almost 
eight pages of structural formulas for biological dyes 
in Table 2 and 24 pages of formulas and equations in 
Table 21 on the classification of enzymes. Some of the 
parts on the physiology of bacteria are rather involved 
for the average beginning student. 

The long lists of references at the end of chapters 
are helpful to the instructor and might prove of some 
interest to an advanced student, but probably would be 
used little, if any, by the average beginner, who could 
make better use of a few general references. Chapter 
13, for example, lists some 141 references, and chapter 
24 gives 148. 

Most chapters more than adequately cover the re- 
spective subjects and, in fact, often deal with them 
in great detail. The weakest chapter is that on the bac- 
teriology of food, where technology crowds out most 
bacteriology. Examples of errors include the storage 
of eggs at —6°C, the blanching of fruits and the inclu- 
sion of chemical preservatives that are not only illegal 
but positively harmful to health. No clear distinction 
is made between true poisoning from foods and infec- 
tions. This chapter and the one on dairy bacteriology 
are not as well organized or as accurate as most others. 
The description of bacterial diseases of man is by bac- 
terial genera that have been arranged alphabetically. 
rhis is convenient for the author, but is not helpful to 
the student, who would appreciate a better basis of 
grouping than an alphabetical one. It is surprising, too, 
to find viral diseases of man separated from bacterial 
diseases by two other chapters. 


This textbook should prove very useful to teachers 
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of beginning bacteriology, for it presents much informa- 
tion beyond that usually presented to the beginner. It 
should valuable book for the 
ambitious beginner who desires more information on 


serve as a reference 
special subjects than that provided by most beginning 
textbooks as well as a list of original references, and it 
is especially well adapted to the needs of graduate 
students who must take a beginning course. 


HE author states that Laboratory Manual on 
Fundamental Principles of Bacteriology has been 
written to accompany the fourth edition of his textbook 
Fundamental Principles of Bacteriology and is intended 
for use by all groups of students except, perhaps, those 
in medicine. The 98 experiments are sufficient for a 
one-semester course of six laboratory-hours per week. 
Like the textbook, the manual is written primarily 
for students who plan to take advanced work in bac- 
teriology; however, selection of experiments would en- 
able use of the manual for a survey course. The experi- 
ments cover the subjects well and keep them in balance. 
Directions for experiments are succinct and the ques- 
tions are apropos. Very useful to the teacher is the 
appendix with its descriptions of the preparation of 
solutions, stains, and culture mediums. 

W. C. FRAzIER 

Department of Bacteriology, University of Wisconsin 


Introduction to Mathematical Statistics. Paul G. Hoel. 
Wiley, New York; Chapman & Hall, London, ed. 2, 
1954. xi+ 331 pp. Illus. $5. 

N the teaching of an introductory course in statistics 

one must decide upon one of three possible ap- 
proaches: (i) emphasize the theory, (ii) emphasize the 
applications, or (iii) strike a balance between theory 
and practice. This textbook adopts the third approach 
and does a very good job of it. The author has in his 
first three chapters an excellent introduction to prob- 
ability and statistics for the student with a calculus 
background. The changes from the first edition have 
all tended to improve the text. The new emphasis 


placed on regression seems well worth while. The later 
chapters, including those on small sample distributions, 
statistical design in experiments, and nonparametric 
methods cover many of the more modern approaches 
of statistical methods. One may question if it is pos- 
sible to do them justice in a one-year course since the 
327 pages of the textbook present quite a challege to 


the average student, but they may serve as future read- 
ing for students if one is unable to complete it in the 
prescribed time. The existence of extensive problem 
sets for each chapter is another strong point. It is to 
be expected, however, that the success of the publica- 
tion as an introductory textbook will depend a great 
deal on the mathematical maturity of the student. 
Students who have had trouble with calculus will not 
find the material easy going. 

Cari F. Kossack 
Statistical Laboratory, Purdue University 
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General Chemistry. P. W. Selwood. Holt, ) 
rev. ed., 1954. xii+ 657 pp. Illus. $6. 


HE revision of this popular textbook ha 

principally in the new chapter on ioni 
riums and in the material on ionization in gen 
such paragraphs as equilibrium constant, pH 
ionization of water, normal solutions, equatior 
and single electrode potentials have been ai 
general the treatment has been made more qu: 
than in the first edition. The exercises at th 
each chapter have been enlarged. These are 
designed to help the student test his knowled¢ 
material covered and are one of the many 
teaching devices for which the book is notewort 
material on organic chemistry is especially extensiy 
and should make the textbook of especial appeal 
those whose major interests lie in other fields. 

Joun A. Try 

Department of Chemistry, Simmons College 


Aspects of Culture and Personality. A symposiu 
Francis L. K. Hsu, Ed. Abelard-Schuman, New York 
1954, xiii + 305 pp. $4. 


HIS book begins with nine presentations by thr 
Otto Klineberg, T. W. Richards 
O. H. Mowrer), three anthropologists (John Gi 
lin, Jules Henry, Ralph Linton), one sociologist (Man 
ford Kuhn), one psychiatrist (Benjamin Boshes), ar 
an additional contributor (G. K. Yacorzynski) who ix 
not identified by profession but who could well bi 


psychologists 


theologian or philosopher. A discussion is led off by 
someone from another field and followed by comments 
from other members of the symposium, which met at 
Northwestern University in 1951. There follows a cha 
ter evaluating the present state of culture and perso 
ality studies from the points of view of social psycho 
ogy (Robert Winch Adamson Hoebel 
psychiatry and psychoanalysis (Clara Thompson), an 
William A. Hunt). The final chap 
ter records a general discussion among the 30 or mor 
members of the symposium. 


; anthropology 


clinical psychology 


Published symposiums are notably uneven in quality 
but this one is exceptionally so, Some of the origina 
presentations are essentially empty of data; others cor 
sist of hardly more than raw data. On the other hand 
the paper by Henry compels respect because it intro 
duces both relevant data and fresh ideas. Much of th: 
discussion is trite or diffuse or both. Mach space is 
wasted through patent communication difficulties among 
the participants. Every now and then there is a_ nic 
point which one is as happy to find as a plum in a 
pudding, but for the most part this book makes drear\ 
reading. One must explicitly question whether its | 
lication between hard covers was justified. A di 
cated record for the members of the group and 
distribution to perhaps 100 persons not present wi 
have sufficed if possibly three papers of substance 
been published as journal articles. Even the ind 
grossly inadequate. 
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wre, the present volume does not cheer the 
regard to the scientific prospects of this 
dy. Perhaps the best that can be said is 
10) by Ralph Linton: “Although we really 
little today, we are in a much better posi- 
ve ever have been to find out.” 
CiypE KLucKHOHN 
Advanced Study in the Behavioral Sciences 
California 


i nd Civilisation in China. vol. I: Introductor) 
Oricy ations. Joseph Needham. Cambridge Univ. 
Press. New York, 1954. xxxviii+318 pp. Illus. + 
plates + maps. $10. 


ISTORIANS of science have known for some 
ime that Joseph Needham, reader in biochem- 
Cambridge University, has been working 
onumental history of Chinese science. At last 
od news is announced that he has completed 
ie entire manuscript and that the work is being pub- 
shed seriatim in seven volumes. Volume I, subtitled 
‘Introduction and orientations,” is only the overture to 
4 major opus, but it is enough to show that our knowl- 
edge of China and Chinese culture will be on a much 
higher plane when all seven volumes are published. 

An analytic table of contents of the whole work 
shows that it is divided into 50 sections whose length 
and importance will vary considerably. The first seven 
sections, published in volume I, are devoted primarily 
to giving the background and cultural surroundings of 
Chinese science. The background is, and should be, all 
nclusive and shows that the word civilisation in the title 
s fully justified. The development of science, of course, 
should be described in its historical, philosophic, and 
ntellectual setting. Indeed, the chief value of this first 
volume lies in the fact that it presents the growth of 
science as part of a cultural complex. The civiliza- 
tion of China is traced from its legendary beginnings 
to the 17th century, when the contacts of China with 
furope brought Chinese science into world science. 
Volume I thus sets the stage and the stage setting is, 
{ course, an essential part of any historical work. 

rhe volume opens with a description of the scholarly 
ipparatus used by the author and the techniques he 
ised to discover the Chinese contributions to science. 
This is followed by (i) a geographic and (ii) a his- 
torical introduction. The most detailed section (7) is 
entitled “Conditions of travel of scientific ideas and 
techniques between China and Europe.” The volume 
ends with an appendix containing three copious bib- 
ographies and a detailed index. 

The titles of the subsequent volumes indicate the 
cope of the work. Volume II is History oj Scientifi: 
rhought (sections 8-18); III is Mathematics and th 
Sciences of the Heavens and the Earth (sections 19-25 
IV is Physics, Engineering and Technology (sections 

; V is Chemistry and Industrial Chemistry (sec- 
3-37); VI is Biology, Agriculture and Medicine 
sections 38-45); and the final volume is entitled The 
Social Background (sections 46-50). For the first time, 
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a really comprehensive history of science in China wil) 
be recorded in a single work. 

A review of volume I should be primarily descrip- 
tive, because it cannot be evaluated finally until the 
whole is published. It is enough of a sample, however, 
to indicate the author's qualifications and his method 
of presenting his material. Needham obviously is com- 
petent. He has lived in China for many years; he is a 
sinologist, as well as a biochemist and a historian of 
science, His scholarship is adequate for his complicated 
task and he evidently loves his subject. I can express 
only my impatience for the remaining volumes to ap- 
pear. 

Conway ZirRKL! 
Botanical Laboratory, 
University of Pennsylvania 


Atomic Energy: A Survey. J. Rotblat, Ed. Taylor & 
Francis, London, 1954. (For the Atomic Scientists’ 
Association.) viii+ 72 pp. Illus. + plates. Cloth: £6 
6s.; paper: £4 6s. 


HIS short book is a collection of lectures delivered 

in early 1954 at the University of London. The 
lectures were for the general public and as such are 
not highly technical. They were delivered as a status 
report on the state of the atomic energy business by 
leading authorities in the various fields discussed. 

Each lecture shows great depth and understanding 
of the subject by the speaker plus an excellent choice 
of level at which to pitch a popular discussion. The 
subjects cover rather well the fields of popular appre- 
ciation ranging from a description of research at Har- 
well through a discussion of atomic weapons and nu- 
clear power to the medical uses and moral issues of 
atomic energy. 

I was particularly interested in the chapter by Simon 
on “Power from atomic energy.” His analyses of the 
present power situation, the state of the nuclear power 
act, and the inevitable pattern of the utilization of a 
new power source are both succinct and timely. Of 
particular interest are the comparisons among the vari- 
ous countries of their present position and _ future 
prospects. 

The other noteworthy chapter is by Loutit on “Radi- 
ation hazards of atomic energy.” He discusses this prob- 
lem in its proper context, that is, by comparing it with 
already existing health problems such as the dust haz- 
ard caused by coal mines, the smoke hazard caused by 
factories, and the explosive hazards involved in the oil 
industry. Loutit’s conclusion is that, in the long run, 
we can adequately cope with the fission products which 
constitute the main hazard of a nuclear energy power 
economy in any one of several ways. 

The remaining chapters are well written and _ in 
formative but I found the survey of work at Harwell, 
the summary of atomic weapons, and the report on 
the medical uses of atomic energy considerably less 
stimulating than the subjects previously cited. 

Finally, a mention should be made of the two short 
talks given by Kathleen Lonsdale and George Thom- 
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son on the moral issues of atomic energy. The speakers 
ably represent the depth of thought that has been given 
by nuclear energy scientists to the philosophic aspects 
of nuclear weapons. As with all philosophic problems, 


it is impossible for a large group to come to a single 
definitive conclusion on what course one should follow 
in such a difficult matter as the moral aspects of the 
production and/or use of nuclear weapons. Never- 


theless, both of these speakers give some very thought- 
provoking ideas on the subject. This is undoubtedly a 
very excellent topic with which to close such a series 
of public discussions. 

On the whole, this collection is very well done and 
I would like to recommend that in the future American 
scientific groups consider making such a report to the 
people in this country. Without a doubt, we have seri- 
ously failed for a long time to measure up to our 
British colleagues in this very important area of public 
relations and education. 

Ropert A, CHARPIE 

Oak Ridge National Laboratory 


Human Development. John P. Zubek and P. A. Sol- 
berg. McGraw-Hill, New York—London, 1954. vii 4 
176 pp. Illus. $6. 


N Human Development the authors have produced 

a textbook that will find wide use. In it they have 
considered the entire life span from conception to 
senility and death. Their statement that the book is 
strongly physiologically oriented is well founded. A 
chapter on glandular development contains a well or- 
ganized statement of the anatomy and function of both 
ductless and secretory glands, of the nature and action 
of the enzymes, and of the relationship of certain endo- 
crine disorders to behavioral changes. Enzymatic 
changes, both genetic and resulting from 
deficiency, are mentioned along with their effect on 
behavior. Neural anatomy and physiology are well 
covered. A brief but well-organized section on genetics 
presents mechanisms and the simpler laws of inherit- 
ance. The genetic foundations of behavior are em- 


nutritional 


phasized. 

The book is organized as a parallel description of 
phylogenetic and ontogenetic changes based upon the 
authors’ belief that no thorough understanding of hu- 
man development can be acquired without a knowledge 
of phylogenetic development. This approach, an effec- 
tive one, coupled with the meticulous organization and 
the clarity of writing make the book readable and in the 
main enlightening. 

While Human Development was written by _psy- 
chologists, it is strangely enough least effective in the 
areas of personality and social emotional adjustment. 
For example, the entire subject of a child’s relationship 
to his parents as a determinant of personality is dis- 
posed of in exactly 14 lines. While there are statements 
on the effect of estrogens and other steroids on senile 
skin, and these references appear again in the bibli- 
ography, the name of Sigmund Freud does not appear. 
“Unconscious” is not to be found in the subject index. 
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Such omissions sharply limit the value of th 
an instrument for teaching psychology, as dox 
that the authors have attempted to include 
bits of information on personality and _ soci 
ment. The result is that in these sections no { 
or concepts emerge, and the student readin 
likely to have no more concept of what « 
personality and how it is developed than he alt 

LESTER VW 


Fels Research Institute, Antioch College 


The Geometry of René Descartes. Trans. { 
French and Latin by David Eugene Smith a 
cia L. Latham with a facsimile of the first 
1637, Published by Open Court, Chicago, |! 
printed by Dover, New York, 1954. 
Illus. Paper, $1.50; cloth, $2.95. 


XI1i + 


HIS translation belongs to the series of D 

reprints in the history of science. In view of 
great importance for the teaching of analytic geon 
reviewed in various American ; 
example, the Mathemati 
mathématique, at th 


etry, it was 
foreign journals, for 
Monthly and L’Enseignement 
time of its publication in 1925, In the periodical / 
devoted to the history of science, the eminent Georg 
Sarton gave an ‘vol. 8, 1926: Pr 
173-175) from which we quote: 


informative review 


. this facsimile edition is splendid and extremel; 
convenient the translators have tried to give 
the meaning of the original in simple English. 
the very handsome volume will greatly facili- 
tate the task of anyone having to teach the history 
of mathematics to English speaking students. 


The present Dover reprint will be welcome, since 
makes the original edition available at a much lower 
price. 

S. H. Gout 


Department of Mathematics, Purdue University 


The Present State of Physics. A symposium presented 
on Dec. 30, 1949 at New York meeting of the AAAS 
Arranged by Frederick S. Brackett. AAAS, Washing: 
ton, D.C., 1954. vi+ 265 pp. Illus. $6.75 (Members 


$5.75. 


HIS book consists of the following four sections, 


with subdivisions and the pages on which the) 
begin as indicated. 


Elementary Particles: ‘““The magnetic moment of thi 
electron” (p. 3), P. Kusch; “Cosmic ray experiments at 
high altitude” (p. 11), Edward P. Ney; “Developments 
in cosmic radiation, 1945-1950” (p. 28), J. C. Street 

Physics of the Solid State: “The new electronics 
57), Karl Lark-Horovitz; “Flow of electrons and holes 11 
semiconductors” (p. 128), J. Bardeen; “Barium tit: 
ferroelectrics” (p. 150), A. von Hippel. 

Chemical Physics: “The structure of polymers’ 
169), Peter J. W. Debye; “Implications of the che1 
kinetics of some biological systems’ (p. 189), R 
Lumry and Henry Eyring. 
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“Some physical and chemical properties 
ted to conduction of nerve impulses” (p. 
Brink, Jr.; ‘‘Bioluminescence and the theory 
te control in living systems” (p. 238), Frank 
Index, p. 263. 
| ler’s attention may first be attracted to (i 
title or subject matter included under the 
sie the long period of more than three years 
ie time of meeting and the appearance of 
| ation; and (iil) the variation in the nature of 
of the individual topics. 
[ sidering the first point, there appears to be 
tification for questioning the choice of title. 
ctive reader may be misled to anticipate a 
aps nsive treatment of all fields of physics rather 
ectures on selected topics in four groups, two 
are in borderline fields with other sciences. 
ong period of more than 3 years between the 
he original lectures and the date of publication 
ul inate and may raise a question regarding use 
word “Present” in the title. Although some of the 


{ 


material was revised subsequent to the time of 
livery, this was not done in all cases. Thus, one must 


for himself the question regarding the date of 


lature of the treatment of the individual topics 
from author to author. 
may be anticipated to some 


markedly as we pass 
this characteristic 
xtent in such a series of lectures, it nevertheless pla es 
limitation on the usefulness and application of the 
aterial. One finds, for example, that supplementary 
references to original literature vary between the ex 
tremes of none for the second and seventh lectures to 
2 for the fourth lecture! Correspondingly, in some 
ses the discussion is largely confined to the work of 
the author, while in others a comprehensive survey of 
the work in the field is given. In the case of the fourth 
useful historical 


finds an interesting and 


troduction starting at the very beginning of the sub- 


cture one 
ct matter. 

The length of the individual discsussions can be 
termined to some extent from the page numbers which 
have the table of 
Many illuminating and useful photographs and dia- 


de- 


been included in above contents. 
rams are found throughout the book. 

[he reader will appreciate the selection of the com- 
tent and well-known authorities in the several fields, 
nd the amount and variety of material that has been 
mpressed into a small book of 260 pages. Those who 
have not followed the develepments in borderline fields 
vith other sciences will be impressed with the success 
nd future possibilities in these areas. 

\ll the lectures are recommended for the information 
ind inspiration which may be derived from them. They 
ll give the scientist, whose specialty lies in other 
ds, brief accounts of the developments in the se- 

| subjects. Some of the lectures, because of their 
more thorough and general treatment, can be recom- 
mended to the serious student, as an introduction to 
ubject. 

H. E. FaRNswortu 
Department of Physics, Brown University 


March 1955 








V eterinar) Including in- 


Entomology, Medical & 
secticides and insect and rat control. D. N. Roy and 
A. W. A. Brown. Excelsior, Calcutta, ed. 2, 1954. 
Ix +413 pp. Illus. $8. 


the eminent Indian and 


HE title, the 
Canadian authors, and the advertising on the covet 


of this book offer the promise that here is the eagerly 


pretac e. 


awaited treatise on the “one world” approach to the 
problems of medical and veterinary entomology, so 
urgently needed in this era of global military opera- 


tions, world-wide air transport, and World Health Or 
ganization. It is indeed regrettable that the work falls 
so far short of this objective. 

The first section of 290 pages is a revision of a pre 
vious work on medical entomology by the senior author 
and to this has been appended a section of 109 pages 
dealing with insecticides, rodenticides, and their appli 
Phe 
as independent compilations and have not 
been tied together of CTOSS 
As a result, the book suffers from lack of 
gration especially since the control of the various in 
both 


cation to the control of specific insect pests. two 


parts eXISt 


by unity style or by refer 


CnCeS, inte 


sect’ pests has been discussed in sections, for 


example, in two completely independent discussions of 
malaria control. 


The ot 


medical than veterinary, and relatively superficial cov 


context the first section is distinctly more 


erage is given to such important problems as the mites 


lice, ticks, and flies atacking domestic animals and 
fowl. The emphasis is very largely on oriental problems 
and one searches in vain for mention of familiar ma 
laria vectors such as Anopheles quadrimaculatus, and 


A, gambiae, or of Culex tarsalis as a vector of encepha 


lomyelitis. 
Phe coverage of subject matter is very uneven and, 


despite 30 pages devoted to the biology and taxonomy 


of Indian anophelines, the subject of malaria’ trans 
mission is dismissed in less than one-half page and no 
mention or illustration is made of the four species of 
plasmodia of importance in human malaria nor are 
their life-cyveles described or figures given. The im 
portance of Musca domestica is dealt with in five lines, 
while its oriental cousins Af. vicina and M. nebulo 
receive 13 and 11 lines, respectively. Despite the pro- 
fundity of some chapters, the context of others is in 


The discussion 
of urticating caterpillars mentions no species, and_ is 
illustrated titled, “A with 


hairs found on mango trees during the rainy 


excusably juvenile and uninformative. 


with a figure caterpillar 
bristly 


SCason. 


Occasional statements, such as “Not all Anopheles 
are suitable hosts for the nlasmodia nor are those 
species which have become incriminated on_ either 
epidemiological or experimental grounds of impor 
tance in the transmission of malaria,” leave the reader 


somewhat perplexed. 

In contrast to these weak points, the section on the 
\nopheline ot detailed 
equipped with an excellent series of profusely 
The chapters on 


mosquitoes India is and 
| 


illus- 


trated kevs to adults and larvae 






+ 
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cyclorrhaphous Diptera and mites and ticks are well 
organized and illustrated and adequate in content. 

I have nothing but praise for the second section of 
the book, which deals with insecticides and insect and 
rodent control and demonstrates what the entire book 
might have been with better planning and liaison be- 
tween the coauthors. This section is well written and 
arranged and includes much useful information on the 
properties and uses of all the insecticidal chemicals and 
their adjuvants. Additional topics which are discussed 
include the mode of action of insecticides, toxicological 
hazards of use, methods of evaluation, and apparatus 
for application. The final two chapters deal effectively 
with the control of noxious species by chemicals. The 
second section of the book presents, for the first time 


a book of medical and veterinary entomology, a 


in 
complete and up-to-date discussion of insect control 


and should be a valuable guide and reference manual 
for the 

The text of the entire book is pleasingly arranged, 
to 
somewhat 


entomologist, medical man, and veterinarian. 


well illustrated, and adequately documented as 


Its 


impaired by inadequate indexing. 


original source material. usefulness is 


Ropert L. Mercart 
De partment ot Entomology, 
University of California, Riverside 


In- 


Ronald, 


Nuclear Transformations, Stellar 
and Nebulae. H. Aller. 
York, 1954. x + 291 pp. Illus. + plates. $12. 


Astrophysics: 
Lawrence 


feriors. 


New 


ITH the publication of the second volume, 

L. H. Aller’s textbook of astrophysics is now 
complete. Students have every reason to be grateful 
that an astronomer of wide interests and experience has 
taken the time and effort to prepare a modern account 
of the methods and results of astrophysical research. 
In fact, it is so up to date that some of the work re- 
ported has not yet appeared in the journals. 
Unlike the first volume, Astrophysics—T he 
pheres of the Sun and Stars, which was largely devoted 


Atmos- 
to a single topic, the present volume explores a wide 
variety of astrophysical problems. The physical prin- 
ciples derived in the first half of the first volume are 
here applied to stellar interiors, pulsating stars, shell 
stars, planetary nebulae, and the interstellar medium. 
So great is the dependence of the second volume on the 
first that it is almost impossible to follow a derivation 
in one without consulting the other. This has the ad- 
vantage of unifying the subject and permitting many 
illuminating parallels to be drawn. However, it is also 
a source of some confusion. Instead of numbering the 
both the 


second volume begins anew with chapter 1. Therefore, 


chapters consecutively through volumes, 
references back to the first volume require a star and 
frequently an asterisk and footnote; and in the first 
itself 
chapter 10! 
With the possible exception of stellar interiors, the 


volume there are references to a nonexistent 


subjects dealt with in this volume are not as yet well 
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understood theoretically. For example, the 
variable stars presents a formidable array 
copic and photometric observations whic! 
theory must eventually explain. 

An to the 
nebulae, reflecting Aller’s own interest in thi 


entire chapter is devoted 
Once again one is impressed with the variety 
that remain to be interpreted. 

Unfortunately, many interesting discussion 
tailed by space limitations. However, at the e1 
chapter the fundamental references are listed 
to topics and the interested student can p 
argument in the literature. 

In keeping with the practice of the first 
several problems are worked out in detail. For 
the equations of stellar structure are integrated 
cally to produce a particular stellar model. In 
at the end of almost every chapter, a few | 
are given. The following is typical: “If the nu 
Ca II atoms in the line of sight is 3.12 x 10 
while the number of hydrogen atoms in the th 
per cm®* in the line of sight is 5, compare thi 
emissions in the Ca IT 43933 (?S,,.—?P 
Hz.” The necessary additional information is ther 
plied. 

The textbook would be considerably easier to 
punctuation marks were used at the end of « 
in future editions. 

Undoubtedly these volumes will be among 
acquisitions of beginning graduate students who 
the principal beneficiaries. 

Marsuat H. \\ 


Astronomy Department, Indiana University 


Elementary Statistics. Benton J. Underwood, Car 
Duncan, Janet A. Taylor, and John W. Cott 
Appleton-Century-Crofts, New York, 1954. ix 
pp. Illus. $3.25. 


N view of the many elementary statistics books 

rently available, it should take considerable ti 
to bring out a new one. This one, however, has mu 
recommend it as a textbook in the initial undergrad 
statistics course in psychology. In fact, its title would 
more informative if it specified (as the preface i! 
cates) that it was primarily 
field. It is particularly appealing here, for many of 
examples used are drawn from published psycholog 


| 


research, and references to sources are cited. It d 


nitely does not appear to be appropriate for thi 
course in mathematical statistics. 


The topics covered are the 


methods, point and spread measures, the normal cur 


sampling, correlation, simple analysis of variance 
Chi square. Nonparametric statistics and test theor 
not taken up. The general approach is to develop 


{ 4 


for this subject matt 


traditional ones: grapl 


a 


concept by means of a common-sense explanation, th 


present the computational procedures. Commend 
the assumptions and limitations of the statistics 
made explicit. This approach also leaves to th 
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latitude with respect to the amount of 
to present. 

nent of correlation is particularly good; the 
of analysis of variance is weakest, although 

tational procedures are well presented. 
mples and illustrations are sufficiently numer- 
ell chosen. An accompanying workbook pro- 

erial for practice exercises. 
Joun E. MitHoiianp 


Department, University of Michigan 


Lectures to the laity, No. XVI. 


Universities 


Ved and Science. 
| raldston, Ed. International 
New York, 1954. 159 pp. Illus. $3. 


Press, 


1)! LOR Iago Galdston has compiled a very pleas- 
compact, and readable little volume based 

New York Academy of Medicine lectures to the 
(hese authoritative lectures, dealing with current 


trends in medicine, are directed toward a nontechnical 
They are very informative and may well 
el e the attention of all who are generally interested 
ecent medical developments. Throughout most of 
the volume, despite the diversity of topics, there runs 
i thread of continuity that makes for over-all acc epta- 
Lith Lhe book consists of SIX lectures with an intro- 
duction by H. R. Craig: ‘Men, the 
Id about,’ Norbert Wiener; “The 

docrinology,” Hans Selye (Paul Rosch 
animal psychology to psychiatry,” 

Levy; “Quest for Paul R. 
Stress, emotions and bodily disease,” Harold G. Wolff; 


d Miracles McKeen. 


machines, and 
renaissance in 
“The rela- 
David M. 
antibiotics,” Burkholder; 


mass produced,” John E. 


Wiener, in a light, airy manner, describes the rela- 
mship of man to machines, the problems common 
th in their mode of action, the mechanism of 





7 January 
America’s Resources of Specialized Talent, Report of the 
Commission on Human Resources and Advanced Train- 
Harper). Reviewed by L. A. DuBridge. 
Fundamentals of Psychoanalytic Technique. Trygve 
Brattoy (Wiley; Chapman & Hall). Reviewed by D. 


Noble. 


The Technical Report, B. H. Weil, Ed. (Reinhold). Re- 
ewed by R. Tumbleson. 

The Mechanism of Economic Systems. Arnold Tustin 
Harvard Univ. Press). Reviewed by J. A. Sawyer. 

Radiation Biology, vol. I, pts. 1 and 2, Alexander Hol- 


laender, Ed. (McGraw-Hill). Reviewed by R. H. Cham- 


rlain. 


lhe Horse-Flies (Diptera: Tabanidae) of the Ethiopian 
gion, vol. II, H. Oldroyd (British Museum of Nat- 
il History). Reviewed by C. B. Philip. 


Ferromagnetic Domains, K. H. Stewart (Cambridge 
(niv. Press). Reviewed by J. E. Goldman. 
Acoustics, Leo L. Beranek (McGraw-Hill 


V. O. Knudsen. 


Reviewed 
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and the development of the com 


negative feedback, 
the 


The 


are also examined. 


puting machine, sociologic implications of 
machine 

Selye outlines the general adaptation syndrome con 
cept and how failure of the adaptive mechanism to 


Lhe role 


of the hormones involved in this response mechanism 


respond properly to stress may cause disease 


is analyzed, 

Levy presents an interesting array of data to support 
the view that psychological, as well as biological, ties 
link the human race to the animal species. Absorbing 
animal psychological studies are cited and the cumula 
thesis. 


tive evidence lends weight to his 
Burkholder traces the story of antibiotics. The lecture 


covers the nature, source, and history of antibiotics. 


This is followed by a description ot the bac teriological 
techniques involved, their use in chemotherapy, and 


Lhe 


disc USS ‘dd. 


the chemical constitution of some of the antibiotics 


problem of drug-fast organisms is also 


Wolff shows how the human body responds to mental 


stress by evoking an adaptive-protective mechanism 


that mav actually be inimical to the well-being of th 


individual. 


Numerous clinical studies are presented 


involving such responses as diarrhea, constipation, pep 
hese | 


tic ulcers, headaches, and blood clotting. body 
more dam ill 


responses are often found to be “far 
to the individual than the effects of the noxious agent 
per se.” 


Mi Keen the 


antibiotic as it would be carried out by a pharmaceu 


outlines steps in mass-producing an 


tical The process starts with a soil sampl 


that contains the fungus spores and ends in the large 


company. 


scale production of the commercially available anti 


The intermediate stages are interestingly pictured. 
Morris FISHBEIN 


biotic. 


Diz wion of Mic robiology, 
U.S. Food and D) 1g 


{dministrat on 








The Kinetic Basis of Molecular Biology, ¥. H. Johnson 
H. Eyring, and M. J. Polissan Wiley: Chapman & 
Hall). Reviewed by R. Lumry. 

Chemical Constitution, J. A. A. Ketelaar (Elsevier Re 


viewed by A. E. Martell. 

The Kidney, A. A. G. Lewis and G. E. W. Wolstenholme 
Eds. (Little. Brown). Reviewed by A. V. Wolf. 

The Moon Puzzle, N. O. Bergquist (Grafisk Forlag). Re 
viewed by D. ter Haar 

An International Bibliography on Atomic Energy, vol. 2 
suppl. 2, United Nations U.S. Distr Columb 


Press 
Handbuch de? Anorg 
No. 10, pt A, Sc 


Chemte 


Univ 
Chemie Seler 
Handbuch der 
No. 13, supp 


Gmelins inischen 


System Gmelins 


Anorganischen Bor, System 


vol.: Gmelins Handbuch der Anorganischen Chemie 
Gold, System No. 62, pts. 2 and 3. Edited by Gmelin 
Inst. (Verlag). Reviewed by R. Gilchrist 

Procee lings of the Second National Cancer (¢ onference. 
1952, vols. I and II. (American Cancer Society Re 


viewed by S. Pelle 
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viewed by H. M. Van Deusen. 


New Research Techniques in Physics (Academia Bra- 


sileira de Ciencias). Reviewed by W. B. Fretter. 


14 January 


Information Theory in Biology, Henry Quastler, Ed. 
Univ. of Illinois Press). Reviewed by P. Cranefield. 


Nobel Prize Winners in Medicine and Physiology: 1901- 


1950. Lloyd G. Stevenson (Schuman). Reviewed by 
W. R. Amberson. 

Rutherford, by Those Who Knew Him (Physical So- 
ciety). Reviewed by C. Susskind. 

Modern Chemical Processes, vol. I11, Editors of Indus- 
trial and Engineering Chemistry (Reinhold). Re- 
viewed by R. L. Huntington. 

3iochemistry, Abraham Cantarow and Bernard Schepartz 
Saunders). Reviewed by S. Simmonds. 

Metabolic Interrelations, Edward C. Reifenstein, Jr., Ed. 
Josiah Macy. Jr. Foundation). Reviewed by D. M. 
Hegsted. 

Introduction to Atomic Physics, Otto Oldenberg (Mc- 
Graw-Hill). Reviewed by D. C. Peaslee. 


21 January 


Atomic and Free Radical Reactions, vols. I and II, E. 
W. R. Steacie (Reinhold). Reviewed by E. H. Taylor. 

The Development of Medical Bibliography, Estelle Brod- 
man (Medical Library Assoc.). Reviewed by W. D. 
Postell. 

Physics and Applications of Secondary Electron Emis- 
sion, H. Bruining (McGraw-Hill). Reviewed by S. 
Githens, Jr. 

The Infrared Spectra of Complex Molecules, L. J. Bel- 
lamy (Methuen; Wiley). Reviewed by A. H. Nielsen. 

Weather Modification: Past, Present and Future, Ken- 
neth M. Arenberg et al. (Weather Modification Group). 
Reviewed by R. R. Braham, Jr. 

Synthetic Methods of Organic Chemistry, vol. 8, W. 
Theilheimer (Karger; Interscience). Reviewed by C. 
A. Buehler 

Theoretical Physics, F. Woodbridge Constant (Addison- 
Wesley). Reviewed by G. G. Harvey. 

Biological Effects of External Radiation, Henry A. Blair, 
Ed McGraw-Hill). Reviewed by I. H. Herskowitz. 


28 January 


Aetiologie und Prophylaxe des Lungenkrebses als ein 
Problem der Gewerbehygiene und des Tabakrauches 
(Steinkopff). Reviewed by F. Homburger. 

Information Theory, Stanford Goldman (Prentice-Hall). 
Reviewed by J. Rothstein. 

The Energetics of Development, Lester G. Barth and 
Lucena J. Barth, (Columbia Univ. Press). Reviewed 
by N. T. Spratt, Jr. 

New Fibres from Proteins, Robert L. Wormell (Aca- 
demic Press; Butterworths). Reviewed by A. M. Sookne. 

Sex in Microorganisms, D. H. Wenrich, Ivey F. Lewis, 
and John R. Raper, Eds. (AAAS). Reviewed by S. 
Emerson. 

The Human Masticatory Apparatus, Meyer Klatsky and 
Robert L. Fisher (Dental Items of Interest; Kimpton). 
Reviewed by W. M. Krogman. 

Structure Reports for 1945-46, vol. 10, A. J. C. Wilson, 
Gen. Ed. (Oosthoek). Reviewed by F. J. Llewellyn. 
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List of Land Mammals of New Guinea, Celebes, and Ad- 
jacent Islands, 1758-1952, Eleanor M. O. Laurie and 
J. E. Hill (British Museum of Natural History). Re- 





~e New Books * 


Introduction to the Theory of Neutron Diff; onl 
1. K. M. Case, F. de Hoffmann, G. Placzek. L) Ajay, 
Scientific Lab., Los Alamos, N.M., 1953 (( bas 
Supt. of Documents, GPO, Washington 25 74 y 
Paper, $1.25. 

Tropical Soils. A critical study of soil genesis 








to climate, rock and vegetation. E. C. J. Mohr and } 
A. Van Baren. N. V. Uitgeverij W. Van Hoeve, ] 
Hague-Bandung; Interscience, London—New Yo, 


1954. 498 pp. $8. 

Solvents Manual. With solubility chart. C. Marscen, fg 
Cleaver-Hume, London; Elsevier, Houston—New Yo); 
1954. 429 pp. $12.95. 

Release of Latent Business. A depression-pro: 
omy; the abolition of unemployment. Emil E. Sy 
quist. Business Release, Rockwood, Mich., 1954. jf 
pp. $2.50. 

Organic Syntheses. An annual publication of satisf 
methods for the preparation of organic chemicals, yo} 
34. William S. Johnson, Ed. Wiley, New York: Chay 
man & Hall, London, 1954. 121 pp. $3.50. 

Nuclear Species. H. E. Huntley. Macmillan, Londo; 
St. Martin’s, New York, 1954. 193 pp. $4.50. 

The Use of Stereegraphic Projection in Structural 
Geology. F. C. Phillips. Edward Arnold, London, 1954 
(Distributed by St. Martin’s, New York 17). 86 pp. $ 

Modern Science and God. ?. J. McLaughlin. Philosop} 
cal Library, New York, ed. 2, 1954. 89 pp. $2.75 

Proceedings of the First World Conference on Medical 
Education, London, 1953. Held under the auspices o! 
the World Medical Association. Hugh Clegg, Ed. Ox- 
ford Univ. Press, London—New York, 1954. 804 
$16. 

The Neuroanatomical Basis for Clinical Neurology, 
Talmage L. Peele. McGraw-Hill, New York—Londo: 
1954. 564 pp. $12.50. 

The Psychological Variables in Human Cancer. Sy: 
posium presented at VA Hospital, Long Beach, Calif, 
23 Oct. 1953. Joseph A. Gengerelli and Frank J. Kn 
ner, Eds. Univ. of California Press, Berkeley—Los 
Angeles, 1954. 135 pp. $3. 

Human Limbs and Their Substitutes. Prepared wn 
the sponsorship of the Advisory Committee on Artifi 
Limbs, Natl. Acad. of Sciences—Natl. Research Coun 
In summary and correlation of a research program fo! 
Dept. of Medicine and Surgery, VA, and for Surge 

General’s Office, Dept. of the Army. Paul E. Klopstes 
and Philip D. Wilson et al. 844 pp. $12. 

Soil. G. V. Jacks. Philosophical Library, New York, 1954 
221 pp. $5. 
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The Ocean Floor. Hans Pettersson. Yale Univ. Press, 
New Haven; Oxford Univ. Press, London, 1954. 18! 


pp. $3. 























Christianity and Anti-Semitism. Nicolas Berdyacy, 
Trans. by Alan A. Spears and Victor B. Kanter. Philo- 
sophical Library, New York, 1954. 58 pp. $2.75. 

Rocket Exploration of the Upper Atmosphere. S| 
supplement (Vol. 1) to Journal of Atmospheric and 
Terrestrial Physics. R. L. F. Boyd and M. J. Seaton, 
Eds. Interscience, New York; Pergamon Press, Lot 
1954. 376 pp. $11. 

Biology of Deserts. Proceedings of a symposium. }. L 
Cloudsley-Thompson, Ed. Inst. of Biology, London 


W.C.1, 1954. 224 pp. 14s. 


(Continued on page viii) 
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1 e Mammalian Fetus 


Pi .iological Aspects of Development 
id Spring Harbor Symposia on 
Quantitative Biology 


Volume XIX (1954), 226 + xvi quarto pages, 
with numerous figures 





horitative reviews of research, evaluating 
nt knowledge about the morphological, 
D ological, and biochemical factors affecting 
the development of the embryo, in particular 
the human embryo, presented in 26 papers and 
edited discussions. 

Previous volumes still available: IX (1941) 
Genes and Chromosomes; XI (1946) Heredity 

| Variation in Microorganisms; XII (1947) 
Nucleic Acids and Nucleoproteins; XIII (1948) 
Biological Applications of Tracer Elements; 
XIV (1949) Amino Acids and Proteins; XV 

1950) Origin and Evolution of Man; XVI 

1951) Genes and Mutations; XVII (1952) 
The Neuron; XVIII (1953) Viruses. 

Prices: Volumes IX—XV, $7; XVI-XIX, $8. 
Volumes IX, XV, XVI, and XVIII: any two, 
$14; any three, $20: all four, $26. Postage extra: 
domestic, 25 cents; foreign, 50 cents per volume. 


BIOLOGICAL LABORATORY 
Cold Spring Harbor, New York 





“™ More Precision in 








Recent Wiley Publications 





Technology. A unified presentation of the analysis, testing, and processing of materials and prod 
ucts by the use of acoustical energy. The book covers techniques and devices ranging from a 
few cycles per second to hundreds of megacycles per second. Its material is drawn from physics, 
engineering, and electronics and its emphasis is on the practical applications. Typical examples 


are selected to illustrate operating principles and suggest further uses. 1955. 456 pages. 231 


illus. $10.00. 


By Froyp H. ALLport, Syracuse University. This unique, dual purpose volume provides 
the first comprehensive, organized survey of the major current theories of perception, and of 


fers a foundation for systematic work in the form of a general theory of structure in behavior. 


1955. 709 pages. $8.00. 


Send today for on-approval copies 


JOHN WILEY & SONS, Inc., 440 - 4th Ave., New York 16, N. Y. 


SONICS: Techniques for Industrial Uses of Sound and Ultrasound 


By THEopor F. Hueter and Ricnarp H. Bott, both of The Massachusetts Institute of 


THEORIES OF PERCEPTION AND THE CONCEPT OF STRUCTURE 


A Review and Critical Analysis with an Introduction to a Dynamic-Structural Theory of Behavior 


Air Conditioning 


Niagara “Controlled Humidity” Method provides air 
at precise conditions of temperature and moisture 
content. 

In the range from below 32° F. to 140° F. you may 
have constant conditions within tolerances of 1° F. 
and 2% R.H. with control by thermostats alone... 
simple and inexpensive... no moisture sensitive in- 


struments needed. 

This Method uses “HYGROL” liquid absorbent 
to remove moisture from the air directly. Operation 
is automatic; the absorbent is re-concentrated, by a 
new. reliable method, at the same rate as it becomes 
diluted. 


Use it for drying pro- 
cesses, preventing moist- 
ure damage to instruments 
or hygrose ‘opic materials, 
controlled atmospheres for 
tests and experiments. 
Unit capacity ranges up to 
20.000 e. fm. 

Write for Bulletins No. 
121, 122: address Niagara 
Blower Co., Dept. SM 
‘ B 405 Lexington Ave., New 
— York 17, N. Y. 


































(Continued from page 210) 


British Pharmaceutical Codex, 1954, Pharmaceutical 
Press, London, 1954. 1340 pp £3 3s. 

Perspectives in Physiology. An international symposium, 
1953. Elza Veith, Ed. American Physiological Society, 
Washington 14, 1954. 171 pp. $3. 

Principles of Biochemistry. Abraham White, Philip 
Handler, Emil L. Smith, and DeWitt Stetten, Jr. Mc- 
Graw-Hill, New York—London, 1954. 1117 pp. $15. 

From the World of the Cabbalah. The philosophy of 
Rabbi Judah Loew of Prague. Ben Zion Bokser. Philo- 
sophical Library, New York, 1954. 210 pp. $3. 

Fossil Amphibians and Reptiles. W. E. Swinton, British 
Museum (Natural History), London, 1954. 144 pp. 
Paper, 5s. 

Birds the World Over. As shown in habitat groups in 
Chicago Natural History Museum. Austin L. Rand and 
Emmet R. Blake. Chicago Natural History Museum, 
Chicago, 1954. 96 pp. Paper, $1.50. 


> 


Advances in Food Research. vol. V. E. M. Mrak and | 


G. F. Stewart, Eds. Academic Press, New York, 1954. 
538 pp. $11.50. 

180 Games for One Player. Compiled by J. B. Pick. 
Philosophical Library, New York, 1954. 137 pp. $3.75. 

Tables of Integral Transforms. vol. Il. Based in part 
on notes left by Harry Bateman. Bateman Project staff, 
A. Erdélyi, Ed. McGraw-Hill, New 
1954. 451 pp. $8. 

Vorlesungen Uber Differential- und Integralrechnung. 
Mathematische Reihe, Band VII. A. Ostrowski. In- 


tegralrechnung auf dem Gebiete mehrerer Variablen, | 


Band III. Birkhauser, Basel-Stuttgart, 1954. 475 pp. 
Paper, F. 73.85; cloth, F. 78. 

Sailing Aerodynamics. John Morwood. Philosophical 
Library, New York, 1954. 124 pp. $7.50. 

Advances in Catalysis and Related Subjects. vol. V1. 
W. G. Frankenburg, V. I. Komarewsky, and E. K. 
Rideal, Eds. Academic Press, New York, 1954. 467 pp. 
$10.50. 

Treatise on Invertebrate Paleontology. Raymond C. 
Moore, Ed. pt. D, Protista 3: Protozoa (Chiefly Radio- 
laria and Tintinnina). Arthur Shackleton Campbell and 
Raymond C. Moore. Geological Society of America; 
Univ. of Kansas Press, Lawrence, 1954. 195 pp. $3. 

Blood Groups in Man. R. R. Race and Ruth Sanger. 
Thomas, Springfield, Ill., ed. 2, 1954. 400 pp. $7.50. 

Laboratory Techniques in Rabies. Monogr. Ser., No. 23. 
World Health Organization, Geneva, 1954 (Distributed 
by Columbia Univ. Press, New York 27). 150 pp. 
Paper, $3; cloth, $4. 

Cellulose and Cellulose Derivatives. pt. II. Emil Ott, 
Harold M. Spurlin, and Mildred W. Grafflin, Eds. 
vol. V of High Polymers. Interscience, New York—Lon- 
don, rev. ed. 2, 1954. 545 pp. $12. 

Biology of Anopheles gambiae. Research in French 
West Africa. Monogr. Ser., No. 9. M. H. Holstein. 
World Health Organization, Geneva, 1954 (Distrib- 
uted by Columbia Univ. Press, New York 27). 172 pp. 
Paper, $2. 

American Game Birds of Field and Forest. Their hab- 
its, ecology and management. Frank C. Edminster. 
Scribner’s New York, 1954. 490 pp. $12.50. 

The Vitamins: Chemistry, Physiology, Pathology. vol. 
III. W. H. Sebrell, Jr., and Robert S. Harris, Eds. 
Academic Press, New York, 1954. 665 pp. $15. 

Treasury of Philosophy. Dagobert D. Runes, Ed. Philo- 
sophical Library, New York, 1954. 1280 pp. $15. 


York—London, | 








~e Meetings 


March 


20-23. American Inst. of 
ville, Ky. (S. L. 
York 17.) 

23-26. International Academy of Proctology, 7th anny, 
New York. (IAP, 43-55 Kissena Blvd., Flushine, Ny. 

24-26. National Science Teachers Assoc., Cincinnat 
Ohio. (R. H. Carleton, 1201 16 St., NW, \ 
ton, D.C.) 

25-26. Michigan Acad. of Science, Arts and L 
Lansing. (George M. McEwen, Univ. of M 
Ann Arbor. ) 

28-31. American Assoc. of Petroleum Geologists, Ne 
York, N.Y. (E. H. Powers, Box 670, Fort Worth, T; 

28-1. Western Metal Exposition, 9th, Los Angeles, C 
(W. H. Euclid Ave., Cleveland 
Ohio. ) 

29-7. American Chemical Soc., 127th national, Cinci 
nati, Ohio (A. H. Emery, 1155 16 St., NW, Washing 
ton 6.) 

31-2. Soc. of Research in Child Development, Mont 
cello, Ill. (C. B. Stendler, College of Education, Uni- 
versity of Illinois, Urbana. ) 


Chemical Engine: 


Tyler, AICE, 120 E. 41 


Shing. 


Eisenman, 7301 


April 


1—5. Japan Medical Cong., Kyoto. (M. Goto, Universit 
Hospital, Kyoto Univ., Kyoto. ) 

2. Kappa Delta Pi, Cleveland, Ohio. (E. I. F. 
238 E. Perry St., Tiffin, Ohio. ) 

6. American Astronomical Soc., Princeton, N.J. (C. M 
Huffer, Washburn Observatory, Madison 6, Wis 

>.7, American College Assoc., Chicago, II 

(C. Evans, Univ. of Indiana, Bloomington. 
American Educational Research Assoc., Cleveland, 
Ohio. (F. W. Hubbard, 1201 16 St., NW, Washing. 
ton 6, D.C.) 

5. National Gastrointestinal Cancer Conf., 6th New 
York, N.Y. (Morris K. Barrett, National Institutes of 
Health, Bethesda 14, Md.) 

6. American Assoc. of Physical Anthropologists, Phila 
delphia, Pa. (J. L. Angel, Jefferson Medical College, 
307 S. 11 St., Philadelphia 7.) 

6. International Meeting on Phlebology, 3rd, Aix-en- 
Provence, France. (F. Beurier, 4 Cours Mirabeau, Aix 
en-Provence. 

5. Histochemical Soc. Symposium, Philadelphia, Pa. (A 
B. Novikoff. Waldemar Medical Research Foundation 
Port Washington, N.Y.) 

. Microcirculatory Conf. on Physiology and Pathology, 
2nd, sponsored by American Assoc. of Anatomists, 
Philadelphia, Pa. (G. P. Fulton, College of Liberal 
Arts, Boston Univ., Boston 15.) 

5. Tissue Culture Assoc., annual, Philadelphia, Pa. (M 
R. Murray, TCA, College of Physicians and Surgeons, 
New York 32.) 

7. French Medical 
Antibiotics, 30th Algiers, Algeria. 
Rue A.-Leluch, Algiers. ) 

7. Radio Technical Commission for Aeronautics, s} 
assembly meeting, Los Angeles, Calif. (RTCA, R 
2036, Building T-5, 16th and Constitution Ave., NW 
Washington 25.) 

6-8. American Assoc. of Anatomists, Philadelphia, 
(N. L. Hoerr, 2109 Adelbert Rd., Cleveland 6, Oh 


Williams, 


Personnel 


Thrombosis and New 


(R. Raynaud, !2 


Cong. on 












nia Academy of Science, Philadelphia, Pa. 
_ Public Museum and Art Gallery, Reading, 





lina Acad. of Science, Columbia. (H. W. 












Loujs. { esi Univ. of South Carolina, Columbia. ) 
» New N_] ican Inst. of Homeopathy, Washington, D.C. 
\\ Huntsman, AIH, 1601 Chestnut St., Phila- 
th annual. lelp! ras) 
ing, N.Y 0-15 rican Inst. of Nutrition, San Francisco, Calif. 
11 ‘innati, R. W. Engel, Dept. of Biochemistry and Nutrition, 
Washing. Je Virg Polytechnical Inst., Blacksburg. ) 
2) 0 16 rican Physiological Soc., San Francisco, Calif. 
setters. | a M Lee, 2101 Constitution Ave., Washington 25, 
Michigos, IMD. 
T 16 rican Soc. for Experimental Pathology, San 
ists, New MR Fra o, Calif. (C. C. Erickson, Inst. of Pathology, 
rth, Tex g Uni f Tennessee, 858 Madison Ave., Memphis. ) 





ederation of American Societies for Experi- 














































eland me! Biology, San Francisco, Calif. (M. O. Lee, 
9 onstitution Ave., Washington 25, D.C. 
» Cin }0-18. International Urological Soc., 10th cong., Athens, 
W ashin G Z. Kaires, Rue Voukourestiou 25, Athens. 
\ssoc. of American Geographers, annual, Mem- 
» Mont phis, Tenn. (B. W. Adkinson, Library of Congress, 
on, Uni. Washington 255-490 ) 
: ei International Poplar Commission, 8th_ session, 
f Madrid, Spain. (Secretary, c/o Forestry Div., FAO, 
| Villa Borghese, Rome, Italy.) 
niversity 11-15, American Assoc. of Immunologists, annual, San 
Francisco, Calif. (F. S. Cheever, Graduate School of 
Villiams. Public Health, Univ. of Pittsburgh, Pittsburgh 13, Pa. 
1-15. American Soc. of Biological Chemists, San Fran- 
C.M cisco, Calif. (P. Handler, Duke Univ., School of Medi- 
is. cine, Durham, N.C.) 
igo, Il 12-15. International Union of Biological Sciences, 12th 
general assembly, Rome, Italy. (P. Weiss, 2101 Con- 
*veland stitution Ave., Washington 25, D.C.) 
‘ashing '15. Conf. on Biological Waste Treatment, New York, 
N.Y. (W. W. Eckenfelder, Civil Engineering Dept., 
h New Manhattan College, New York 71.) 
utes of 13-16. Mathematical Assoc., Leicester, England. (F. W. 
Kellaway, 87 Pixmore Way, Letchworth, Herts. 
Phila- l4. World Meteorological Organization, 2nd cong., Ge- 
ollege, neva, Switzerland. (G. Swoboda, WMO, 1, Ave. de 
la Paix, Geneva.) 
\ix-en- 4-15. High Polymer Forum, 6th Canadian, Ontario, 
u, Aix- Canada. (D. G. Ivey, Dept. of Physics, Univ. of 
loronto, Toronto. ) 
a. (A /4-16. National Speleological Soc., Natural Bridge, Va. 
lation, E. Moffett, 3047 S. Columbus St., Arlington, Va. 
!5-16. American Mathematical Soc., Brooklyn, N.Y. 
ology \MS, 80 Waterman St., Providence 6, R.I.) 
mists, } 15-16. Eastern Psychological Assoc., Philadelphia, Pa. 
sjberal G. Lane, Dept. of Psychology, Univ. of Delaware, 
Ne wark, ) 
M !5-16. Iowa Acad. of Science, Davenport. (J. L. Laffoon, 
ons, lowa State College, Ames. ) 
/)-16. Louisiana Acad. of Science, New Orleans. (E. S. 
New Hathaway, 1423 Jefferson Ave., New Orleans 15.) 
1, 12 15 Montana Acad. of Science, Butte. (L. H. Harvey, 
Dept. of Botany, Montana State Univ., Missoula. 
pe 15 Italian Soc. of Geophysics and Meteorology, 3rd 
Rt = ral assembly, Genoa. (I. Dagnino, 5 Via Balbi, 
one Genoa. 
; /6. Committee for the Scientific Study of Religion, spring, 
: “ York, N.Y. (Walter H. Clark, Hartford Seminary 








ndation, Hartford 5, Conn.) 


| 


17-20. American Oil Chemists’ Soc., 46th annual, New 
Orleans, La. (C. L. Hoffpauir, 2100 Robert E. Lee 
Blvd., New Orleans 19. 

18-19. National Air Pollution Symposium, 3rd, Pasa- 
dena, Calif. (A. M. Zarem, 621 S. Hope St., Los 
Angeles 17, Calif. 


22. Eastern States Health Education Conf., New York 
Acad. of Medicine, New York, (NYAM, 2 E. 103 St., 
New York 29. 

23. Assoc. of Southeastern Biologists, annual, Charles- 
ton, S.C. (M. E. Gaulden, Biology Div., Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 


21 


21 


21-23. Ohio Acad. of Science, annual, Ohio Wesleyan 
Univ., Delaware. (R. W. Dexter, Kent State Univ., 
Kent, Ohio. 

22. American Eugenics Soc., annual, New York, N.Y 


AES, 230 Park Ave., New York 17. 
23. Arkansas Acad. of Science, annual, Searcy. (L. 
F. Bailey, Univ. of Arkansas, Fayetteville. 


vo 


22-23. American Mathematical Soc., Chicago, Ill. (E 
G. Begle, Yale Univ., New Haven 11, Conn. 
22-23. Georgia Acad. of Science, Athens. (W. B. Red- 


mond, Box 534, Emory University, Ga. 

26. the Advancement of 
Science, southwestern division, Sante Fe, N.M. (F. E 
E. Germann, Dept. of Chemistry, Univ. of Colorado, 
Boulder. 

29. Inter-American Cong. of Radiology, 5th Washing 
ton, D.C. (E. P. Pendergrass, 3400 Spruce St., Phila 
delphia 4, Pa. 

5-27. National Acad. of Sciences, 92nd annual, Wash- 
ington, D.C. (Secretary, NAC, 2101 Constitution Ave., 
NW, Washington 25. 

30. Symposium on 
charges in Gases, Delft, Netherlands. A. 
Wagensveld, Mijnbouwplein 1i, Delft. 


24 Association fot 


American 


24 


- 


29 


Dis- 


Van 


Electrical 
W. 


International 


26-28. American Industrial Hygiene Assoc., Buffalo, 
N.Y. (H. F. Smyth, Jr., 4400 5 Ave., Pittsburgh 13, 
Pa. 

26-29. International Health Cong., Bournemouth, Eng- 
land. (P. A. Wells, 90 Buckingham Palace Rd., Lon- 
don, S.W.1. 

26-1. International Symposium on Arid Land Problems, 


Albuquerque, N.M. (J. A. Behnke, 1515 Massachusetts 
Ave., NW, Washineton 5, D.C. 

27-29. International Conf. on Nuclear Engineering, Los 
Angeles, Calif. (T. J. Connolly, Dept. of Engineering, 
Univ. of California, Los Angeles 24. 

27-29. Soc. for Experimental Stress Analysis, Los Angeles, 


Calif. (W. M. Murray, Central Square Station, P.O 
Box 168, Cambridge 39, Mass. 

28-30. American Physical Soc., Washington, D.C. (K. K. 
Darrow, Columbia Univ., New York 27. 

28-30. Midwestern Psychological Assoc., Chicago, Il 
(L. J. Cronbach, 1007 S. Wright, Champaign, III. 

29-30. Alabama Acad. of Science, Tuscaloosa. (H. Me- 
Cullough, Howard College, Birmingham, Ala. ) 

29-30. Colorado-Wyoming Acad. of Science, Greeley, 
Colo. (O. W. Olsen, Colorado A. & M. College, Fort 
Collins. 


29-30. Mississippi Acad. of Sciences, Meridian. (( 
Sheely, Box 574, State College, Miss. 

29-30. Seismological Soc. of America, Berkeley, Calif 
G. D. Louderback, Bacon Hall, Univ. of 
Berkeley 4. 

30. American 
E. G. Begle, 


q) 


California, 
Mathematical Soc., Stanford Univ., Calif 


Yale Univ., New Haven 11, Conn. 








INTERNATIONAL ARID LANDS MEETINGS 


of the AAAS and its 
SOUTHWESTERN AND ROCKY MOUNTAIN DIVISION 
University of New Mexico, Albuquerque, New Mexico, April 26-29 
Southwestern Field Trip, Albuquerque-El Paso and return, April 30-May 1 
Featuring a Symposium on What is the Future of Arid Lands? Public evening lectures, April 26, 27 and 28 by 
Homer L. Shantz, Charles E. Kellogg, and B. T. Dickson (Australia), and Technical Sessions: 
Morning, April 27—Variability and Predictability of Water Supply in Arid Regions—Speakers: eed W 
Bailey, C. W. Thornthwaite, Jean Tixeront (Tunisia), Luna Leopold, F. Dixey (England), C. C. Walléy 
Sweden), John H. Dorroh, T. L. Smiley. 
Afternoon, April 27—Better Use of Present Resources—Speakers: Kanwar Sain (India), R. O. Whyte (Italy 
L. N. McClellan, Hilgard O’R. Sternberg (Brazil), L. A. Richards, Cyril Luker, Raymond Price, Pedr 
Armillas (Mexico). 
Morning, April 28—Prospects for Additional Water Sources—Speakers: E. J. Workman, Edward Bowey 
Australia), Sheppard T. Powell, W. F. J. M. Krul (Holland), Vincent J. Shaefer, Glenn W. Brier, H, — 
Hayward, Louis Koenig. 
Afternoon, April 28—Better Adaptation of Plants and Animals to Arid Conditions—Speakers: Olaf §. 
Aamodt, Colonel Omar Draz (Egypt), R. Merton Love, Knut Schmidt-Nielsen, Enrique Beltran (Mexico). 
B. P. Uvarov (England), Michael Evenari (Israel), L. M. Pultz. 
Discussion Group Sessions, April 29 (See SCIENCE of February 11, 1955, or THE SCIENTIFIC MONTHLY 
of March, 1955, or write to the American Association for the Advancement of Science, 1515 Massachusetts Ave. 
nue, N.W., Washington 5, D. C., U.S.A., for details. Cable Address: Advancesci, Washington, D,. C, 


International Arid Lands Meetings Housing Bureau 
Chamber of Commerce, Albuquerque, New Mexico 


Housing Reservation Z 


Please send requests directly to the Bureau to save time. Confirmation in two weeks in order received, 
Single rooms may become scarce; if possible share a twin-bedded room—and also save. Be sure to indicate if 
you need a room the night of May 1 on return from the Field Trip. Deadline for receipt of reservations, April 15, 
Hotels Single with bath Double with bath Twin-bedded with bath 
HILTON 7 eee $7.50 $9.00 $10.00 
FRANCISCAN ... : 5.50 9.50 
ALVARADO ..............+... 9.90-9.00 (only a few 5.50) 8.50-12.00 
EL FIDEL . 4.50 5.00-6.00 8.00 


(a few 3.50 & 4.00 (a few 3.50 & 4.50 (a few 5.00 & 7.00 
without bath) without bath) without bath) 


Votels (all with bath) $4.00-$5.00 $5.00-$6.00 $7.00-$10.00 
All of the above prices subject to 2% state tax. 
Please reserve the following accommodations : Date of Application: 
State name of hotel or insert “Motel” if this is your preference: 
First Choice Second Choice 
Single room with bath Desired rate Tee Maximum 
Double-bedded room with bath Desired rate " Maximum 
Twin-bedded room with bath Desired rate ; Maximum 
The name and address of each »%erson, including yourself, must be listed (attach list if necessary. 


Date and time of arrival 
Mode of Transportation 


Name 


Address 

(Street) (City and Zone) 
Enclose deposit of $10.00 (refunded if cancelled before April 15.) 
Make checks payable to Berl Huffman, Secretary, Albuquerque Chamber of Commerce. 


. . 7 International Arid Lands Meetings 
71st : : “— : 
Regi ration Form All Registration by Mail in Advance. No fee.) 
Name (Dr., Miss, etc.) . ree 
(Please print or type) as (First) 


Academic, Professional or Business Connection and Title 


Office or Home Address (Mail Address) 


Probable Discussion Group Preference (by number) ; 
(You will be free to change or to att 

Field Trip Reservation (limited to first 222 applicants—deadline April 5) F 

Yes .. ($20.00 for trip, lodging, and meals must accompany reservation. Refunds up to April 19.) 

Send to: *. IX. F. Castetter, University of New Mexico, Albuquerque, New Mexico, U. S. A. 





